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BEST AVAILABLE COPY 



< i> 1 od5 1 ^±<Dmimm^^-r^. m^^o 
[gi^^i 4] ^«f*:ei:^co±tcia®$HS/^yr® 

^J^-WL. ^^i^|g/^4^y-^-<>:$^4ji^ico/>?^^< 
41246^0-7^/^-^:^0 



im^mi 9] mmwmi^mm^x^^. m^mi 4 is 

im^^2 11 huv^;^ hS(orairyN*y 

cOii^/c^ < ^ t 1 o;05 1 J!^±co|^asti:$r;t-t-^. 1 
(?Dl^fil$tL;fc7j<y-^-^'&tf. 

[ftJi^^2 2i ^^^-srig/cC/i^y-^-^d^s-a-^^^br 1 

[ft^^ 2 3 1 ^m-^m^J:yi^V ^-^s 1 ^±co^#l^-- 

im^m 2 4 1 ^tt^*5r;j)5/>/j; < t hu^^mcz/u V ^ 
2 5 1 wm^mt^^if- y -^-t^ i ^±<D^mm- 

hTKy-^-^^tf. ft^^2 iiH^o:^fc 
ift^^2 61 mmi^mm-nm^xh^. m^^2 1 

im^^2B] /^yr^;55«^2 0 05^V^/;^ ha— 

b) m±coii^^ipTig/^7Ky'7-, i^±(Dmkm. i 
am. 

c) ^>n?< ir^.ia5^6^(c/^y m^i^^5i{bi-6tc-h5^ 

b) ii^±a:)$g^«rii?^e^y-^-. m±co®^^«K> i. 

c) <i^fj:< th^^m^y<])Tm!&^^mt'r^\ci-^ 
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[0 0 0 21 T^^y >- hm^^it^^^^mmj:^(Om,^7'y< 
y:^ h-^^^ (U-^^/W (reticle)) ^ilb-C 

m:i^. y:i'h'^y^^<Dy<^->^tmw^m.oy:thi^ 
i^:^h\z.m^^ti^o myt^s y^hi^i^:^h^m«ii. 

[0 0 0 31 y:i- h\t:^i^m^1tn^:ffm(0\f^ 

T'^^i^mu^}^. yir Y uv?^ Ymmn<o%mmL^ 

^(photoactivecompound) h S'n' 

forest^ Photoresist Materi 
als and Processes^McGraw 
Hill Book Company^New Yor 
k, 112*. 1 9 7 5:fc<tt/Mo r e a u. Semic 
onductor Lithography^ Pr in 
ciples> Practices and Mate 
rials^ Plenum Press.New Yo 
rk. ^2**5J:t/^4m i\^^-rtihy:t h\yi^:^Vm 

[0 0 0 41 yirY^'yy^V(D^fm'^\%. ^MWm^ 



xmrajctt»:/j/^ta5:ft#i4dsfe6*s. mmm^m^ 

hu-:^;^ h^p<-i?^#S, J: ^SH'^^xmo— o 

[00051 •toJ:5'fe:7'n-fe;^ic*5V>-c> 

^^lc:J;S:7;*- h h<^ r7}<^X^>':/ (p o i s 

o n i n g) J afc;to/.C«ligO?l^^<7):fcJ6(;^W^*t?fe 

So fz.h7L\tyirV\y^^:^Y(D-vmt^^<Dm^W(^W^(0 
yur Yx^'^Jy^ h^^c^3v^T/^•^-:x{b$ttfc-f 

y^v^(Dm\imk&^mm^^^^ti)>x^s. t<om 
m.^m\^y^ Y i^'^jy^ Y(o9-(i^m^^^-'\^^j: 
So m^^n^hKmwyy:t Yui^y^Y^m7)>h. is 

)ti-SlcElco/j:v^7;i- hi^v^;^ h^^^tcmSL-rsci: 
[00061 «14«c#t«ftoSttJi$ f>{c r^:ft^ge^;i: 

(standing wave effect)j(l:L' 
T^^#-T?^JbtLSm*o-S,i:/j:So ^^^ecoixv- 
Xj;i*3»tS^iRli(7>^:l:Sr/jJ<'rfcfetc. yjtYi^i^y^ 

Yi^^^m\cm^xm^^fznmm^m^mtm'^m\^^ 
Yi^i^yYmmcm\^^^m^\c^ ^i6^o=fm:i3xrjm 

fj:^Um(Dm^b^Xm^^&(D (underexpos 

e d) 7;*- h Y(Dmm^mf^-r^<Dxmmnmt 

l,f^Zt7!>>X^. y:t Yiyi^yY':^^y^—Mc:}d\^x 

^vi^T^^'T 4^ (edge acuity) (D^M 

7&5^DSo yirY\y^:>yYWtm^^^hZ.f\.'kU%^ 

^^y^ Y^^itt^fzmzM't^^m^-m\^y^ y i^t? 
yY<Dm^(Dmmwx^^, x^t^x^tit^h. m^^t^ 
^(DfzMc, m^<omn. y^r y ui^y Y(Dm^:^\^\^ 
*3v^-c. mm\.xm±mtmymmxmit'r^mm^ 

(harmon i c component) ^^tpo y 

(0 0 0 71 m^^^mi^y'y^-f y-^(Dm75:<Dmmcx 

mmm^^^^x^m^ (duv) ^ mm^soo 

nmUT) . K r F^^^i^-^U-'If^yt (24 8 n 
m) . Ar F^^v^-rU— if— ^ ( 1 9 3 n m) , 

*5feSo y^Y\yi^yY=^-'y''<i^ir(D-(^^t^it\zm 
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10 0 0 8] Rfs^^filttmrn^f^m^^Wrr^tL^X^ 
Q/Q 3 5 9 8-^. y^'mmvfmm'mo e 3 9 9 4 l a l 

■^*3i:t/^ai^f^lS4 910122-^, ^4 37040 

5-^*3<tuffB4 3 6 2 8 0 9^ tL?5o:a:ffiittcisite 

r(7>J:9/^BARC*3j;T/TARCSt>— ^»;t-S*t 

[0 0 0 9] m^<D V^i^'py (topograp 
hy) t:i*3tt6/'^y^-i>'3>-t>»ftSS:$0J!«*)i-SS*t 

(DY^m^^y:.^. mw±.(D^ :^-i^\^mmtmm (im 

pinging radiation) ^ h 

[0 0 10] mi^<o h^i^yy^—\z:i^n^y<v=^—y 

^S#f^||4 557797-^ (Fuller et 

p«^ri^i;w— b) (PMMA) ojt$5E6<ji?v^T®^*r 

y-^^y^X^^bm^^Wim. ^X.XJ-yirVyyV'y^vmm, 

P) , :x.y^i^^^^xy^^zr.yY^^iy,vm^\^y:.^}i 



[0011] Sfsfcio h7K^7:7-f-t;:*3t:f^/^!;3i— >> 

3 >^(Cf#5^M<7)^C0^^?£(^, Adams et a 
L.Planarizing AR for DUV 
Lithography^ Microl i thogr 
aphy 1999:Advances in Res 
ist Technology and Proces 
sing XVI^ Proceedings of S 
PIE vol. 3678, part2, pp849- 
8 5 6, 1 9 9 9{CM^^t^.TV^-5o wiXJi. SltEJ^ih 

[0012] mn.wmJt--^<r>yitr V \y^Jy^ hS<^^ffi 
1^. \.\l\^\ty^V\y^J^y^vm(n r7ifxrx:=:.>'>rj 
fcib-To rHii^«f4^®:dSi^S^^c(i^b^^^ (pz-c 
VD) tcJ:f9iaffi$^xfci:^(ci|^JcR3M^>^<?So •?:<7?J: 

(photospeed shift), y yy- ^ >' 

7^i3-fe;^tC*5tt6 M^^-^T^y V (tr 

ench delineation) CC>F^<D fc* T^^, 

9/i3^?-<X::ii^^«:, v'^— r^UV (DUV) :7;t 

tc:#tc:pgM-efc6o bar cti:7;t h wi^;^ hJllc^b 
c \mW^m \-^^^(DX.ofi^^>{:^:=-:y^\z.n\^x^^ 
[0 0 13] Lfc;$5or, iimi4^^(::<tS:7;*- hu-i^';:^ 

^(c:5}im>fi:^tLfc^®^$i^-r'5^^yr^{c^ 

[0 0 14] :^=^^f^pm*^{-J:S:7;^ h ui;?^ VM 

^Hfco i^^myx-^mm^. ^ — rv^/ (b 

owing) , ^mU^. ^^Xiyy'r^l^^ ( f o o 

ting) ^, ^i^6«J^c^^^l;^/.cv^u^^$^t-5ct^s^ 

[ 0 0 1 5 ] ^ 1 (^fl8«lCj3V>r , i jeA±(7>ai 

^f^tfe/cf^j^y'^-, i^±co^i^. m±<o^^f^j, 

y ^^^^^Jo^/^ < <ir t> 1 otJS 1 £Jl±<?5^ 

[0 0 16] %2(Dwmc^^^x. ^^m\x. mn.w^ 
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-^m^j^^^v^-. i^±<Dmmm. *5 

[0 0 171 Bsco^^icjov^r. mm^m 

y -^^ tmmm(Dypfj: < t> i o;^^ ^±(Dmi^nu^ 
[0 0 181 ii4co^^{c*5t>T> :^^m\t.. mmi^M 

^fig-sjtg/^TK y -v- ^ ^mm<D^j^f^ < t ^ 1 07)5 1 

[0 0 191 B5co^^^c^oV^T. 2|s:^e^«. a) 

[0 0 2 01 M6 0^«t;i*5V^T. a) li^ 

<o±.\z.mmfm ^m^-r s xa. 

4^j;u^ii^±(^^^j^-^^. ^m-^mf^ 

>J< y -r- ir^gfilSiJcTJ^i;^;^^^ < t> 1 o;6S 1 ^M.(DfmmL 

x@. 

tjitm^^m^^umx.. /<y r^^ji^^i-axm. 

d) y<')Tm(D^m\^R^mit=^—'r^>^^mm^^ 

[00 2 11 :^P>^il5fflS^3lCT^^$tu^t>co<i: LT, 

; A^i^^-i/^^ ho— A ; x pm^ l^mtbtL^ <Dm 
; %w t =fia/'5— fe:^ h ; m o 1 %==^yW% ; m 
J = ^ yiy 3.-^1/ ; cm^=5F:fyir:^^j?«— h/U ; L = 



y :y hyw; mL = ^ y y y h/W fj^fy-^w-j ^ 

y hisXXf?^ ^r^ y h<Z)P!:fe-=Sr$tPo 
^(c. ^fg r (;^^) TiJ^y/vT^Kj i:fi. TiJ^y/i- 

r>^D;^y ^fcJi r^i^l^^Jj t^. :ztcP^^S^{c:jb^ 

V^9p r:7aL— ^-y— (feature) J }i\X. T^< 

[0 0 2 21 ^^mymmwm. ^wrt^ifiPVD^fctic 
VD ^nfc^mf^^ t ^< y T^§:W-r ^^(*:^ii#t-r s 

ii-rso y:tvi^i:^:^v. Rmm±^- 

[0 0 2 31 ^IgPJ^om^i^ti. 1 jl^±co$g|S plfg/c^TK 
s;^;^ ^ tur n >y $ tbfc^g UT V V 

fB^t^m^o ^j?*L<Ji. ^^^cO3 0%i^±. ct'9 
«^*L<li2 0%JgJ^±;&^ 'B'tg>fl:^n$nT:/n-/>5^$ 

X\%. -^/v^-iy^. :^;V'^^>m. 7^^;^3^:>'^. 3ti:x.f^ 

10 0 2 4] $^m^mt^n^V'^-i^m^miiLti.x. i 
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i:t>^^2 0. 30. 40. 50. 60. 70. 80. *5 
0^/U%(D®H4ia5tt<£rW^5^y ^^tf>b<:0 

t^^V^^^^t h^u^iy/um. ^ti\^^mm\^ Vu^iy 

So 

[0 0 2 6] mm'^mfj:^- y -^-i^)^ s o 

OOi^Tv «^*U<Ji^^5 0 0 0JeJlT. ct«9#*U<Jl 

ji«^3 0 0 ojeiLT^T^ma^^^^^s^rW-rSo ^^-^m^^ 
0. J: I9^*u< JiJi^3 0 o;«i^e>^^5 0 0 o-efcSo 

[0 0 2 7] >^mm(Dmm'^my'ji^v^-n^h^^i:^^ 

'=f'MtcDit^ (Mw/Mn) i: UTiRr^±#Jtb*t^»o * 
^^o^y-^-tm^S^jlcfi. />/i:<tt>i. 5. 
b<*i/>/^< t >b 1. 8. XOtii-^l.<\^<P^^< th' 
2. 0. $blw<t t9*f*U<n<i^?^j:< t 2. 5. 

t>3. 5<7>Mw/'Mn. -rtj^ibh^^mst^^-r t 

;0^ib4co^lS'^fc6o 

[0 0 2 8] nmfim^-^mii^^')'^-}i\.x\t. 

mrj^v't: h*m^!^. :3^XXfyi^V {\f:=.)Vy^J—)V) 
^mm}t<£k^Xlh O.Kirk Othmer Enc 



yclopedia of Chemical Tec 
hnology. 15^. 1 7 6 2 0 19 

u/—;v^^Xlp - t e X t -:/^/u:7^/— /i^-^fi c 
^zny— /w*5j:o«4, 4' — Yy>^ntf y7^>'i;?:7 3:y 

m^^. 2, s-^^i^wy-^K Mmc::m^><^)^'^^ 
^mm\c^\^^xm\nc^m^ti^ zt:^*^xt^o 

[0 0 2 9] ^^^ttST/^-r t Kti*^6^{Cf^7}>/^J^ 

TH. 2-:J'nn^vXT/^v^t h% 3-tKn:^v'/W 
'-iVXT/Wv't: K. 4-fc Kn:^r^/yW^>'Xr/Wx t 
K. 2-^ h=3ri/^>'Xr/W5^t K. S-^hn-O-X 

^s^^<7)/j^?:f < t 9 oas%-c#fi-rSo 

[0 0 3 0] y^J—)V-j^.yv^mm 

KtcOJtfi. ^1. 1^1. 075^e>l. O^ttl. 1<D^ 
■C3^{[i-rsr <i:;&?T*#So /ci:x.f^. ^SI^FF^S 9 3 
9511-^(Zampini) —^tC. :^^PJlC 

2. 5. ^f*b<ri^>/^< ^t>Jls^3. 0. J:!9$f*U< 
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10 0 3 1] ftS<^t: Kn:^V/WS'&W^^l^i^<ft*fc 

v'K p<^D— /Hf a;;?f p— /U, t Kn:^ei^:3i^/w:7cny 

TtJ^yu-h. 2-t Kn:^V:7'ti if/W (;^^)r^!; 

i—h. 3 - t Kn:3fV:7'n tf/v- (t^ ^) r ^ D — 

Vi/i; zn^/u ^) y U'— t";^ (t Kndev- 

73;^— (fc Kn^VJ^^/V) ^-eU— t 

(0 0 3 21 Wtg^c^TK y -7-;a^ S^^te 

3^/i-%. ijf^L< f"i^>/^< ^tiJ^s^/u^o. 
L<t:i^>?:j:< ^t>^l 0^/^%^tf:^^;<iS^^^Lv\ ^ 

t>0355^tf enso ^^^ie:^^^y-^-^uj^±o^# 
[00 3 3] m^^m^j^mm-^m^j:^- v -^-tt. 1 

<^3S=^i^-T/W"xb Ki^^i^*5J:t/lil^A±omco;J^y-r 
yc:<?:;tJ^ U ^) r jJ' y i^— h/K y ^^tf t><^ 
•CaboT. ^S^^i^-T/WT^t: KJfS'g'i^a^Mw/Mn colli 

oj;^?:^. #^5^#i^:^y'r-;ir3$=^ii^-ryuxfc k«-^ 

[0 0 3 4] :z|s:MB>goa51f pTig/^^y-^-- SrliSSi'r^^ 



2^^e^{;ii3V>r*^?^ji1#lc^lf * Lv^a5fli^le?^J:7Ky 

T^^y/wK) . ?j<y ( (;^^) TiJ^y/wr^K) . sKy 
(^^5^) TiJ^ y u-h) . TKy o^) T^y 

[0 0 3 5] :i^W^\:.^\^^x^mur 

y h<b UTI*. fn— ;t?-/h (low cu 

t) J T/u^/i^ {^^) y k;?7 5/ h 

(mid c u t) J T/U^/l^ (^^) y b*5 
r/N-Y;(7:y b (h i g h c u t) J T/l^^/V (^ 

t>o-CJi/j:v\ ro>-:^s/hJ Tyu^/w (y ^) T^^y 

^) y birbTtt. 7«^/^p«iJ'r^ y h 
(MM A) . y ^/uTiJ^ y 31 ^/ur^ y 

h (BMA) . :/^/wT^yu'— h (BA) . -fy:/^ 
/wy<?r^yu— h ( 1 BMA) . --=3rv^/i-y y 

[0 0 3 6] T/V^/V ^) V 

^VX^—h (EHA) . 2'-=r:^^/U-^^-y/U^^r^V 
U—h. y-r'iy/UT* :?T^ y h (I DMA. 

(CIO) r>'u^>'wM14^;^'g^*fei«:-<-;^i:-r6) . ^ 

(y^V/u^^Ti!^]) u^hti^Xh^hth^) . by 

h (^y;5^^>'i'7«^riJ'y u-h^uTt>^p>tt'5) . 

^vi^-h (DPMA) . mm:^xxj^^mm(Dh^y'i^ 

y hoii'g^^ ; *3j:u57i>y/i^-^ y ;^^>'^7< 
^rjJ^yw-h (LMA) ;6S^»fp5ix6o 
[0 0 3 7] hj TyU^/l- (p«^) r:^' y U 
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^^'^Tfcs-fef^/u-^^^'ww^^r^y (c 

EMA) ; mi\z^^^'f^y)V^^X^iri^ 
^yi^-h (SMA) ;65^(f btL6dSrn^(C|JR^$tt 
[0 0 3 8] _bj2&co^ y Y-tiv V^^Xl^^^^i -iov h 

tg?:?r/U=3-/Utt, T/i-^^v'W'^dS^lgi^^^grl o~i 5 

ista Chemical company 3j»?> 
^>ir?'^^— i/^— ^ji^^l: (Ziegler catal 
yzed) ALFOLr/W-^^— /v.^ -r/cet>"b. ALFO 
L 1 6 1 8i3j:t;5ALFOL 1620. Shell C 
hemical Compan y t^h<Di^'^ f^'f—Vy 
— il!fej|^{b;NEODOLr/W3— /K t-/cft)-ip> NEOD 
OL 2 5 L. ^feU^JCP r o c t o r &G a mb 1 e ' s 
^(DTA- 1618*5J:U^CO-l 2 7 0(D^o t^^f^ 

^tircm^(Drju^/v (^^) y hKp^o^^tp 
[0 0 3 9] :^^m\c:i^\^^xmm^j:r;u^ju u^) r 

-Cq) (^^) TiJ^yu— h> v^r/i^^/wr 



h^y-v— irurn. 2- 1 Kn:3eiyai^/ppt ij^TiJ^ y 

h (HEMA) , 2- t KD:3ei^:3^^/^ri^ y 
h (HE A) . 2-t Kn^i^:/nfc^ywy jJ^TiJ^ y 
1 ^/l— 2- t KP=^->::i^f^/^P< iJ^TiJ' y 
2-t Kndfv'-T'D tVVT^:^ y 1-^^ 
/u- 2-b Ko^->3i^/wr:J' y l^— 2-fcKi3:^ 
v-y^^/vp^ T y I/— b . 2-t: Kn;^iy:;^^/wr:^' 

(Ttt^) y h^y-r— f^HEMA. i-yf^/i^ 
-2-t Kn^v^ni^/V-y t$?riJ^ y Ix— 2-tKn 

ri: ke3:^v^:7'i3 tf/i^y i?ri5^ y u— bj i^tzvx thp 
MAj <i:i^r^ttSo 

[0 0 4 0] ;4c^^^c:*5V^T^ffi/^. f&oggi^ttfc 
Ti?' y W-— b<ir (;^^) TiJ^ y/WT^ K^/"^ 

b. v^y^/wr ^ yni^/i^r^ y b. n, n-v^^ 
^/ur^/::ii^y^y ^$^r^ y/i^r^ K> n, N->?y^ 

^/wr >^^/vy iJ'r^ yyvr ^: b% n, n-v^-^i 
^ywr ^ y^^/wy i?riJ7 y/wr ^ b\ n. n-^^^^i^ 
/wr ^ y::^pfcfyv7f ^r^^ y/wr ^ b\ n. i^-^j^l^ 
;\^r^yf^jv:^^ri7y);vr^h\ n- (i, i-i;? 
y^/i— 3-2hdf.y:/^yi.) r^i^y/wr^ b\ n- 

(1. 3-i^:7 3i::^/U- 1 3-:^:^y:/^ 

/w) r^J^y/uT^^K. N- (1 -y^/i^- 1 ->^a::=:/V' 
- 3-:t^y>^^/u) y^T^y/wr^K. *Dcfct/2- 
t KT3:^ri^3i^>rpr^ y;wT^ K. r ^y^i^ywm^u 
>»^ur(ON-y t^Ttj' y/wT^ b% N-y ^^^r^J^ y/v 

y ^:;?y ^yi^r ^ y :/n tVi^T ^ 

^ r ti/ e> i c IS ^ $ ^ ^ <o J i V \ 
[004 1] :^%m\^^mfJ:^(Dm.^ ^) TiJ^ y W 

3:^i/iyyyw (y^) r^^yix— b, 7->^Dfcvuby 
(Ci-Cq) T/i-:^/wv- y /V (y^) TiJ^yu— bs 

Cg) r/w=^r/wi/y^u (y>?) r^yu— b. 

i^i^y/i- (y r:^' y b, tf=^/^by (Ci-c 
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(c^-Cq) r)vzi^%/ (Ci-Cs) r/i^^/wi^y 

/V TiJ^y U-h. t'c^:/^ (Ci-Cq) r/W3 

[0 0 4 2] :$:^eg<0^ia3FP*/'^— <i: UT*ffi/irtfri 
/v5§=^^^/-^--tci^. ( rsTYj ) > a- 

1 -C 1 o) ryv=i:^v^. (C 1 -C 1 o) ^>'^=^ 

[0 0 4 3] ^ic^l^o^tain^y-^— ^: UTWffi?'^^* 

^/W-5-lf^/Wfcry i^X, 2-3i^/W-5-fcf^/Wl^ 
yv^>', 3-y^/V'-5-lf^/V't'y i^V-. 2, 
^^/U-S-tf^/Hf y v^>'. jSLU^2-y^/W-3-:3^ 
^/u-5-tr:=:./wtf y V^^-^OlBSftr/V^^^/l- (Ci-C 
s) gt^N-if:=^/^t-y v?^/ ; ^^/weifede/ y >'^Of 

y=3s-y y V ; N- tf;=^/^;357>^C3^i^^5' a ; N-lf=./W 

^ %Y \ ri7^J p:^ h y/l^ ; o ~, m-, Xfi 

p-T ^ y :^'f'\^> ; -^l^-f 5 K ; N- ir=i/W::^-^-b->^ 
y ; N. N-i^;^^/Vr ^7:3lf^/W-^r::l/^-:3l— 
7'/^ ; :x.^;v-2-\^r ^ y l^— h ; tf^/WTir V 
=^ h y : N-tf^/w:7^/w-< ^ K ; 
-fnyKi^. 3 1 - tfn/v- t^n y K:/, 
4-;^^/w- 1 - tf^/u-lf o y K^-x 
-trr::/U-lf*a y K:^. 3-:n^/w-- 1 -trn/u—tfn 
y Kv. 3->^^/v~ 1 -fc?':^/^-^ D y 3, 3 

1 '-tf:=^/W- fc^n y K:/, 4, 
/W- 1 y 5, 5-i^p«^/W- 1 - 

t:*:=^/l'-fn y KV. 3, 3, 5 - h y ^ ^/V- 1 - tT 

^r-zw-foy 4-:^^/^- 1 -li'^/w-t'p y K 

5-p<^/U-5-:3i^/l/^l-tf:=i/W-t'py K>' 

&t53, 4, 5- h y y ^/w- 1 - t*^yv-tfn y k:^ 
^y >- ;25:t;?tf=./ufcr^yi;^:x;$5'&*tu5*s. r*ie>(:: 



/K :fe^bfn/K i&^fctfn.yT^':^. 7y>ft:tf;=iy v^v. 
tv/.?v\ ^k^^^te^^jrjJ^y-^-Jl^lSl^comj^i^^lc, 4@ 
l^©?^^(D^4 0;^^P>^8 5%. iEf*U<l^ii«*3 6 0 
10 0 4 5] :*:%^^C*3V^T^ffl)fealfiS^PJtt. SSfil^tB 

f)^hm2 5 0t:(7)?MJ[-c$i5lfS;;t;:^tTP n<^?JW*b 
/K h y i^^>'Wi^jj^ p--^^1^>', r y ^ ^ y u— h 

( FALMAj ) . cx^uv-r y ^^5^ y 

h ( TEGDMAJ ) . i;?3i^U>^i/y =3— 

yu— h ( TDEGDMAJ ) . :/n If U-V^^ y 3— 

v^p<^^yi/— t:'u:xi/y =t— /uv^TiJ^ y i^- 
h y ;?<^p-yw>^p^'?V h y ^iJ'iJ' y 1^- h ( TT 

MPTMAJ ) . ( rovBj ) . ^ 

Vi^i^/l^^^^ V U—h. 2, 2 - v^Tt^/V-^^P/^^^ 
1, 3v?Ti5'yu— 1, 3 - :;^f=-u>'i/y /wv? 

r^yu~h. 1, 3 - :/^W'>'^y =3— /V'i;^:?'^?^ y 

1, 4 - >^i^:^v^::^— /Vv^T:^^ y v^^i 

y 1, 6 - ^=^f-:^i^::^— y^-;^r^^ 

yu— 1, 6 - -^^•y->'i^:^— /i^i^^^^^iJ^ y 
h y >^p t:''U'>'ir y =3— /wv^TiJ' y hy^i 

y =3— /wi;^ri? y u— >jfy3i^i^>'i3^y =3-/1^2 o 

yu— 2}f y ai^uv^y =3— /wi^T^iJ^^ y 

^ h=^V/Ht:if;^:7;ii/— ywAi^r^J^ y 

v^/Wl:tr;5^:7a:/— /wAv^y iJ'i?^ y /jfy^i^u 
>-i/y n-/w6 0 0^;^^^^ y i-~h. 4f y (:/^>^v^ 
y>) i;^ri^ y i^- 'O'iJ'^i^y ^y /i^h yr 
^ V h y ^^p— >'^>^p/^:/ h y:x h^i^hy 
Ti^^yu— >/y-fey/^:/p^=3ev'hyr^j'y i^— 

^l^^:x.]):7s y h— yWy^ h^TiJ^ y 

^y ^y /w-r h^7«^iJ^yu— i^^v^^^y;^ 
y /u^y fc Kp^i/--^>'i?ri5^ y 1/— v^ir::!/!^ 
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[0 0 4 6] :^^m<Dm^M\^^^m<Dm^^\^:}S^^X 

ho. y') (free acid) :Jb^ J: tJ^^^^^J 

(acid generator) ^i^fctf ^tb^o 

10 0 4 71 m^m\t\.x\t.. mk^m\ (tag) 

*3cttK:7;f b^^j^^j (PAG) > ^^XJ^^fihoym^ 
^mtX^XVt. 2, 4, 4, Q-'r Vyzf^^^^^^^ 

:^ (p D C3 >':3i^/U') —2, 2, 2-hyi;!'Poai 

[0 0 4 8] ^M6^(cfi:^^P^(Dm^^4^ 
@?^5>(?>^o. l;i)>e>8%. ^*u<fi@?i^:9'co^o. 

^ip^h\.x\%. -mty ir vm.^^n. mj^\-y 
-rn^^h^. mkm\zmm^mxho . ^hxzmmt 

5 r ^ /j: < ^^ffl-r 6 r ;65-c# So 

[0 0 4 9] ^w^<otmm\t 1 ieA±o^s«^-&tPo sa 



m7Uit2-:^ V^^y^^fX^^—T-fV (i^^7-f A) . ^ 

9 o\:co^^^^r-rs^^j-x?foSo mm(Dm^ 
mh:^mm\cm^xmm\c^m't^:i tt^x^ -r^^ 

t>>x^ho ^<DXo^j:i^(DmM}±MmM'^ti\'ti&mj^x 
ffl$4xS^|;i«. /i^/c»:< i:t>io(7>^^j;a5j^2 0 0?^ 

mcDmj^^^L^. <}^f^<thi -o(Dm(DmM:^m 200 

[0050] :^mm<Dm^W^. iS:M\c 1 i^^c^mcT:)^ 
?:^^M^Ji: UT(^. v^y ^/urv^-<— h*3J:tJ?v?^^/u 

0%'^Xt}^(bmi 0 OVo(DX^tJ:^&(D-^MM:^^. 

m\c^\^^xmmcmm $tvs ^ f*^i^i-3®)w^tus 
[0 0 5 1 1 ^M(7^^mf^^mt vx\t.. 
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[0 0 5 2] ;*:|§^jc:iov>r*fri U'-^y x^^j^h UT 

W i t c o i>^h(r>ll&&>^ Si lwet7604^U 
ftmu Comp a n y;!)^e>A^^tM/.t#®?§t^SJF 

[0 0 5 3] :*:^^(^im^^li^ME5ih=i-x^>^>^i: 
(Oct 9 ^mj^W-i 1 9 3 n m;^;^{C5^ LT^ttE^itm 

S^^^&:^i^*5V^T. ^0. 3;0-<b*^O. S(D^^M^ 

[00 541 ^n^<r>mjsm.^(r>m.&. -rtitt^ib i eji± 

omm^xh^o ^^m(Dm^m±. ^^^ii:M<omm 
[0 0 5 51 ^^mcom^m^. m^f^^-c^. tit^ 
*5v^r. m\^mmwmmw(o±.(D^^^jrmt\.x 

6ri:;&5-etSo mmzmh-t^y^. imm<on.WLm\t 

0 Q:t>^:^ hP— A, m^\^<\^f^^ QOt^hX 2 0 

(0 0 5 61 ^^m\t.. mm{^m^±.\^y^') 

i^j.±o)mfm. \^js±.(D^mm. i^^n\&.±. 



[0 0 5 71 7^%m(o^<')rm\t. ^w:(ommwm. m- 

^ (s i 1 sesquioxane 

^m^w^m'K'^. ^w^n\z.^\^x'^^^^:Lht^x^ 

So 

[0 0581 ifmPi(D^WLmnm 7 5 ^^p^ 

m2 5 ot;, ^*L<fii^9 od^6^i^2 2 5t:(c;^?q^-r 
< <5:t>^^i o%;d*-^1i$tts::<i:^mpo ^^yr^^^^ 

^ '^^^tifcmi^^ 1 xa^/bii2xa-<^ if'tc^^-rs 
•rs. wimt\.x. 2XM-<^^x\'t. Kmrn^mm-r 

[0 0 591 -mc. ^^m(Dm^mnm 1 s^^bms 
< (t^^3 o:^i^^j^i 2 oi^>, ^h\cx^m-'^v<nme 

^mmi^mm^ti^xh^Oo ^mm^t. 

y^Xh<:>X. ^y<Vrmt>^. M^m^tL^X 1 
[00601 m^T^^M;^. ^iCiit»^♦:T>3l/^-<^JRi^ 
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^c^^v^T. 'ftt:t\mmmm (pvd) -^timt^mm 

(CVD) (cJ;«9^mi*:e*5uiUf^j8ffi$*xSo -tt 

[0 0 6 1 1 :7:i- h \y\>:^ h^c^^^ Xcn^-i/^/cfi^i 
jtdSm^^'^tt (SEM) iOCOt^fffi^K-Cfc^o ^^^^ 

^m^*^^ff'<^>=^>'^^ h2^-/^<7)ifestm^^«sc«£ (SE 

i^. 1 5 0 0;^:/^:^ hi3— A, *5J;0«2 0 0 0:^^>•^ 

^m'^(o^:y^ ^ h/^->'wco^^m^^'^^ (SEM) 
[0 0 6 2] imm\^. a) sf^o±{;i^m^^^^#t 

Steffi. i^±oS5fil#J. i3J:U!l^±cr)»SiJ^^^. 

[0 0 6 3] a) ^^(o ±.\znw^m^m^ 



icgae-r^xm. c) {i^;^^< i:t>^5>wtc>'^yrm^^ 

fig-re xm. d) r^^D^®^csttE^ih=I-7^^>' 
^/^^gag•r^)xa. e) Rmm±^-'r^iy^if<Dmim\c 
y:tv\^^jy^vm^mmrr^iiu. «r^tp. m^^^^-r 

[0 0 6 4] :^m^<Dy<^jrmii^. ^ttE5Jh=i— V 

1 0 0 0:t>'i/;^ hn-A, <t«9^^b<f^/i^/^< tt> 
J^ l 2 0 0:;*-^^^/;^ hn-i., $ ?>ic: J; $f * U< tl^> 

e>ii«^2 5 0 02}-^^;^ ho— A, nip.\^<\tm^ 0 0 

hm2 0Q 0:^>Vy^V^—J>^. J:'9$f*U<lii^8 0 
Od^P> 15 0 O:^^'^;^ hn— i^l?fceo — ^ic:. 
B5jh=a— 0 0?5*e?*^2 O 0 0;^^^^;^ 
ho^A^ L< n.m^ 0 0;a>^J^ 1 6 0 0:^1^^:^ 

tc, i^2 0 0*>bJi«^il 0 O 0 0;*'>'^::^ ho— ix, iif^ 

[0 0 6 5] :i$i^m<nm.mo(omM.n.. ^fihii^y:^Y 

/HS'R'+i (spin bowl compatibl 

[0 0 6 6] %mm 1 

Y^^yyz^/^fVj^s'7v^if^^)^-- (:rnifu:x 

i/y rn— yU^y pi^ywoi— X/WT-feT"— h (PGME 

A) »f<0®J^5^3 0%a?^?^. 301. 268g. 

j^(r> 75. 95%, Mn800^Mw2500g/mo 
l.Tg83t:) ; fiSJ^i^fig^Ji: bT^^>yl7$i^fcK 

T^'-JXyU^V-if >';^/U7}^^^S?9. 5 2 0 g. (King 
Industries, Norwalk, Connec 
t i c u t , T^^blS^^ttSN acure5225. >f 

y:/t2yNV-/V-1^2 5%S?f^5>. SJI^5><^2%) 

^J^ LTf" Yy^V^\^'!f^) 3— /w^^y/w- (2 6. 18 
0 g . 2 2 %) ; F C 4 3 0 

(3M, Minneapol i s, Minnesota 
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t>^hm^^tl^. PGMEAtf' 5. 9 50 
g. mM^(DO, 0 5%) ; i^7«^/wri^^— h (5. 
9 5 0 g. :iti^^'^fj:\^mm^<D5%) ;43<i:t;PG 
MEA(03 2 2. 5 1 2 go :itttc J; 1 7 %(?:> 

^^y/i^l 0 0 g iSr^yh, mife^Sr'feKd^^^^tt-S^^) 
tc-h^^/^^r^a-yv (r o 1 1) >^ffi^l^0, 2 5 
^u:^(D^]) (y" h9y/^:tt2zxL^U» (PTFE) 
7 /V-iJ' — ^ ii L- T ^ j1 b o 

(0 0 6 71 mmm 2 

-4)^. TEL Mark 8 ^rffiffl UT. 1 <D 

y"^"^^ (AR7, Shipley Company, 
Marlborough, Massachusetts 



>'y/^Cl-C4) f^C< AR7S#tE^ll:=i— 

(UV210, Shipley Compan yJK) "C 
>^ev=i— x-r V^bfco y^;*- h l^i^:^ h(i5 0 0 0:^- 

6 0|^?^-<^ $;h.;fco OV^'X?«J^aly^— t^iASML 5 5 0 
0/2 0 0^>te^b> 2 5 m J /cm ^^^^3 3 mm J 

/cm^-C^3feb. r;^-<iJ' : 202 0 O nm 

1 3 0*0-^9 0 |^-<^i!^b. ov^-c^«byi:o iemSr^ 
1 ic^j^-To 
[0 0 6 8] 
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t:':/=3— h Uyho m^^^2 O 5t:-C6 05f^^. b 
tCo lfjfiR(DRH}S^±:=^—T-^:^^ (AR3. Sh i p 1 
ey Comapany»!)^> mit^tlfz^^]) Tm^S. 

i^CDJl^ ^ b. O^.^T*2 0 5t:T*6 Ol^^-fiJ' bT 



^fl<D^3Ly^-'^njm<Dy:thl^i^:^h (UV2 0 0, 
Sh i p 1 eyCompanyf^) 'V^^ r > 

i/bfco :7;4- hlx^;^;^ h|^5 0 0 0:^:^:/^ hn — AO 
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bT. 1 4 O'C-Ce 0#^>f iJ^^nfCo OV^'C!>^^^— 
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2^i^uiy(D=i:y^^ hJi^-zv-^PSlbfcp K^ttc^lt 

^::^y^-^^^m^mmm (sem) r^w 

m^T^-t. li3fe*#*3j;t/^:^5£r^2tC7j^-f« 

[0 0 7 1] 
[^21 



-13- 



m 2 







Eo (znl/cm^) 


E, (ml/cm') 
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600 


5.0 


33.0 
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5.0 


29.5 


3 


7 


1500 


5.0 


34^ 
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8 


2000 


5,0 


33.0 


5 
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0 


5.9 




1 



[0 0 7 2] :^mm<Dy< V rmf^(^(D^m\t. y< V rm 

K^'5^— /Ul&fR (sidewall defini 
t ion) r>^i/0/i>/^V^r3 v^i^ 

m^^o fcix.j^, nil ^m^1^^^7">'^'C-5^cJ:^=« 



[113] 0 0 Oyt>^:^ hu — J>.<Dy<])Tm^ 

s EM<Dmm^Mxh^o 

m4] |gl4ft 1 5 0 Oyt>'^:^ ha— AO/^y r^^S: 
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m 4 
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m 5 



01) mm A 596156668 (72) K^ — K • y:7'y ol— • ^^^.=1 

455 Forest Street, Ma T 

rlborough, MA 01752 U. T 7< ;^^7^^ll'^1^^^— tr ^>'>H 02038. 

S. A -7^1^^ ^^y<^. Vy^zf^lO 
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y^yV^zju^, i^-^— t/u • n— K • 40 
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1. Title of InventioD 



BARRIER LAYER 



-18- 



Claims 



27 

What is claimed is: 

1. A banier composition comprising one or more cross-linkable polymers, one or 
more acid catalysts, one or more cross-linking agents and one or more solvents, wherein 
at least one of the cross-linkable polymers and the cross-linking agent comprises one or 
more acidic moieties. 

2. The composition of claim 1 wherein the cross-linkable polymer conqniscs as 
polymerized units one or more aromatic hydroxyl compounds. 

3. The composition of claim 1 wherein the cross-linkable polymer comprises one 
or more aromatic-aldehyde condensates. 

4. The composition of claim 1 wherein the acidic moieties are at least partiaDy 
free of blocking groups. 

5. The composition of claim 1 wherein die cross-linkable polymer comprises one 
or more aromatic-ald^yde condensates and one or more (meth)acrylate polymers. 

6. A method of providing a barrier layer on a dielectric snbstrate comprising die 
step of disposing on the surface of a dielectric substrate a composition comprising one or 
more cross-linkable polymers, one or more acid catalysts, one or more cross-linking 
agents and one or more solvents, wherein at least one of the cross-linkable polymers and 
the cross-linking agent conqvrises one or more acidic moieties. 

7. The method of claim 6 whei^n the cross-linkable polymer comprises as 
polymerized units one or more aromatic hydroxyl compounds. 

8. The method of claim 6 wherein the cross-linkable polymer comprises one or 
more aromatic-aldehyde* condensates. 

9. The method of claim 6 wherein the acidic moieties are at least partially free of 
blocking groups. 

10. The method of claim 6 wherein the cross-linkable polymer comprises one or 
more aromatic-aldehyde condensates and one or more (meth)acryIatB polymers. 

11. The method of claim 6 wherein the dielectric substrate is sqpplied by physical 
vapor deposition or chemical vapor dqxisition. 
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12. Hie method of claim 6 wherein the dielectric substrate is inorganic. 

13. The method of claim 6 wherein the dielectric substrate comprises silicon. 

14. A device having a dielectric layer and a barrier layer disposed thereon, 
wherein the barrier layer comprises one or more cross-linked polymers comprising as 
polymerized units one or more cross-linkable polymers and one or more cross-linking 
agents, wherein at least one of the cross-linkable polymers and the cross-linking agent 
comprises one or more acidic moieties. 

1 5. The device of claim 14 further comprising a photoresist layer. 

1 6. The device of claim 14 farther comprising an antireflective coating disposed 
between the barrier layer and the photoresist layer. 

17. The device of claim 14 wherein the barrier layer has a thickness of from 
about 200 A to about 1.5 \xm. 

18. The device of claim 14 wherein the dielectric layer is applied by physical 
yapot deposition or chemical vapor deposition. 

19. The device of claim 14 wherein the dielectric layer is inorganic. 

20. The device of claim 14 wherein the dielectric layer comprises silicon. 

21 . A method of reducing contamination of a photoresist layer comprising the 
step of disposing a barrier layer between a dielectric layer and the photoresist layer, the 
barrier layer comprising one or noore cross-linked polymers comprising as polymerized 
units one or more cross-linkable polymers and one or more cross-linking agents, wherein 
at least one of the cross-linkable polymers and the cross-linking agent c^mipiises one or 
more acidic moieties. 

22. The method of claim 21 wh^nein the cross-linkable polymer comprises as 
polymerized units one or more aromatic hydxoxyl compounds. 

23. The method of claim 21 wherein the cross-linkable polymer comprises one or 
more aromatic-aldehyde condensates. 

24. Hie method of claim 21 wherein the acidic moieties are at least partially free 
of blocking groups. 
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25. The method of claim 21 wherein the cross-linkable polymer comprises one or 
more aromatic- aldehyde condeosates and one or mote (meth)acrylate polymers. 

26. The method of claim 21 wherein the dielectric layer is inorganic. 

27. The method of claim 21 wherein the dielectric layer comprises silicon. 

28. The method of claim 21 wherein the barrier layer has a thickness of from 
about 200 A to about 1 .5 Mm. 

29. A method for manufactaring an electronic device comprising the steps of: a) 
providing a dielectric layer on a substrate; b) disposing on a surface of the dielectric layer 
a barrier composition comprising one or more cross-linkable polymers, one or more acid 
catalysts, one or more cross-linking agents and one or more solvents, wherein at least one 
of the cross-linkable polymers and the cixm-Iinking agent comprises one or more acidic 
moieties; and c) heating the substrate at a temperature sufficient to at least partially cure 
the barrier composition to form a barrier layer. 

30. A method for manufacturing an electronic device comprising the steps of: a) 
providing a dielectric layer on a substrate; b) disposing on a surface of the dielectric layer 
a barrier composition comprising one or more cross-linkable polymers, one or more acid 
catalysts, one or more cross-linking agoats and one or more solvents, wherein at least one 
of the cross-linkable polymers and the cross-linking agent comprises one or more acidic 
moieties; c) heating the substrate at a temperature sufficient to at least partially cure the 
barrier composition to form a barrier layer, d) disposing on the surface of the barrier layer 
an antireflective coating; and e) disposing on the surface of the antireflective coating a 
photoresist layer. 
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3. Detailed Description of Invention 



1 

Background of the Invention 

The prescnc invention relates generally to the field of manufacture of electronic 
devices. In particular, the present invention relates to photoresists and antiieflective 
coatings used in the manufacture of electronic devices. 

In the manufacture of electronic devices, such as printed wiring boaids or 
semiconductors, a number of layers of inalerial, such as photoresists or antiieflcctive 
coatings, are applied to a substrate. Photoresists are photosensitive filtns used for transfer 
of an image to a substrate. A coating layer of a photoresist is formed on a substrate and 
the photoresist layer is then exposed through a photomask (reticle) to a souice of 
activating radiation. The photomask has areas that are opaque to activating radiaUon and 
other areas that are transparent to activating radiation. Exposure to activating radiation 
provides a photoinduced chemical transformation of the photoresist coating to thereby 
transfer the pattern of the photomask to flie photoresist coated substrate. FbUowxng 
exposure, the photoresist Is developed to provide a relief image that permits selective 
processing of a substrate. 

A photoresist can be either positive-acting or negative-acting. For most negative- 
acting photoresists, those coating layer portions that are exposed to activating radiation 
polymerize or cross-link in a reaction between a photoactive compound and 
polymerizable reagents of the photoresist composition. Consequently, the exposed 
coating portions are rendered less soluble in a developer solution than unexposed 
portions. For a positive-acting photoresist, exposed portions are rendered nK>re soluble in 
a developer solution while areas not exposed remain comparatively less developer 
soluble. Photoresist composidons are known to the ait and described by Deforest, 
I%otoresist Materials and Processes, McOraw Hill Book Company. New York, ch. 2, 
1975 and by Moreau, Semiconductor lithography. Principles. Practices and Materials, 
Plenum Press, New York, ch. 2 and 4, both incorporated herein by reference to the extent 
they teach photoresist compositions and methods of making and using them. 
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A major use of photoresists is in Cbe manufactuic of semiconductors where an 
object is to create features, such as vias, tzcncfaes or combinations thereof, in a dielectric 
layer. Proper i*otoresist processing is a key to attaining this object. While there is a 
strcsig interdcpendency among the various photoresist processing steps, exposure is 
believed to be one of the more important steps in attaining high resohition photoiesist 
images. 

In such i^ocesses, reflection of actinic radiation during exposure of the 
photoresist and "poisoning** of the photoresist by the dielectric layer are detrimental to 
fme feature formation. Reflection of actinic radiation, such as from the layer underlying 
the photoresist, often poses limits on resolution of the image patterned in the photoresist 
layer. Reflection of radiation from the substrate/photoresist interface can produce 
variations in the radiation intensity in the photoresist during exposure, resulting in non- 
uniform photoresist linewidth upon development. Radiation also can scatter from the 
substrate/photoresist interface into regions of the photoresist where exposure is not 
intended, again resulting in linewidth variations. The amount of scattering and reflection 
will typically vary firom region to region, resulting in further linewidth non-Hmiformity. 

Reflection of activating radiation also contributes to what is known in the art as 
the "standing wave effect.** To eliminate the effects of chromatic aberration in exposure 
equipment lenses, monochromatic or quasi-monochromatic radiation is commonly used 
in photoresist projection techniques. Due to radiation reflection at the 
photoresist/substrate interface, however, constructive and destructive interference is 
particularly significant when monochromatic or quasi-monochromatic radiation is used 
for photoresist exposure. In such cases the reflected light interferes with die incident 
light to form standing waves within the photoresist. In the case of highly reflective 
substrate regions, the problem is exacerbated since large amplitude standing waves create 
thin layers of underexposed ^otocessst at the wave minhna. The underexposed layers 
can prevent complete photoresist development causing edge acuity problems in the 
photoresist proflle. The time required to expose the jphotoresist is generally an increasing 
function of {^otoresist thickness because of the increased total amount of radiation 
required to expose an increased amount of photoresist. However, because of the standing 
wave effect, the time of exposure also includes a harmonic component which varies 
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betwcCT successive maxinnim and nunimun) values with the photoresist thickness. If the 
photoresist thickness is nan-unifonn, the problem becomes more severe^ xesulting in 
variable linewidths. 

With recent trends towards hig^-density semiconductor devices, there is a 
movement in the industry to shorten the wavelength of exposure sources to deep 
ultraviolet (DUV) light (300 nm or less in wavelength), KrF excimcr laser light (248 nm), 
ArF excimer laser light (193 nm), electron beams and soft x-rays. The use of shortened 
wavelengths of light for imaging a photoresist coating has generally resulted in increased 
reflection from the upper resist surface as well as the surface of the underiying substrate. 
Thus, the use of the shorter wavelengths has exacerbated the problems of reflection from 
a substrate surface. 

An approach used to reduce the problem of reflected radiation has been the use of 
a radiation absorbing layer either interposed between the substrate suiface and the 
photoresist coating layer, called a bottom antireflective coating or BARC, or a radiation 
layer disposed on the surface of the photoresist layer, called a top antireflective coating or 
TARC. See, for example. PCX Application WO 90/03598, EPO Application No. 0 639 
941 A3 and U.S. Pat. Nos. 4,910,122, 4,370,405 and 4^62,809, all incorporated herein 
by reference to the extent they teach antireflective (antihalation) compositions and the use 
of the same. Such BARC and TARC layers have also been generally referred to in the 
literature as antireflective layers or antireflective compositions. Typically, such 
antireflective compositions include a radiation absorbing component (or chromophore) a 
polymeric binder and one or more cross-linking agents. For example, conventional 
antireflective compositions typically include an epoxy-phenol binder having no free 
hydroxyl groups or an aciylate binder substantiaUy firee of acid groups. 

Variations in substrate topogn^hy also give rise to resolution-limiting reflection 
problems. Any image on a substrate can cause impinging radiation to scatter or reflect in 
various uncontrolled directions, affecting the uniformity of photoresist development. As 
substrate topography becomes more complex with efforts to design more complex 
citcuits, the effects of reflected radiation become more critical. F6r example, metal 



-24- 



4 



interconnects used on many microelectronic substrates are particularly problematic due to 
their topography and regions of high reflectivity. 

One method of solving such problems resulting from variations in substrate 
topogr^hy is by placing a photoresist at the same height over a surface, as disclosed m 
U.S. Patent No. 4,557,797 (Fuller et al.). This patent uses a multi-layer structure having a 
lelatively thick bottom layer of poly(methyl mctiiacrylate) (**PMMA") to provide a planar 
surface, a thin middle layer of an antireflective coating and a thin top layer of a 
photoresist material. However, this system results in a thick polymer layer which must 
subsequently be removed. Such layers are typically removed by a variety of methods, 
such as chemical mechanical polishing ("CMPO. etching and wet chemical methods. 
Due to the added time and cost of such removal processes, it is desired that the polymer 
layers be as thin as possible to aid in their subsequent removal. 

Another approach to solving the problems associated with variations in substrate 
topography is that disclosed in Adams et al., PUmarizmg ARfor DUV Lithography, 
Microlitho^raphv 1-999: Advances in Resist Tech nology and Processing XVL 
Proceedings of SPIE, vol. 3678, part 2, pp 849-856, 1999. which discloses the use of a 
planarizing antireflective coating, which reduces &e need for a separate planarizing layer 
disposed between the antireflective layer and the substrate. 

Hie use of photoresist layers on dielectric layers often results in *^isoning** of 
the photoresist layer. This is particularly problematic when the dielectric layer is applied 
by physical or chemical vapor deposition ("P/CYD'*) techniques. While the theory of 
such poisoning is not fully understood, such dielectric layers may cause a significant 
photospeed shift, lifting, profile degradation or complete dissolution inhibition in 
previously patterned aperture regions, such as via regions during trench delineation in 
dual damascene processes. Such poisoning is particulariy problematic when positive 
acting photoresists are used, such as in deep ultraviolet (*T>XJV") photoresists. While 
BARCs provide an effective chemical barrier for photoresist layers, such B ARCs have 
not been completely effective in providing a barrier layer against such poisoning by 
dielectric layers. 
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There is thus a need to provide effective barrien to the poisoning effect of 
photoresists by dielectric layexs and particularly banier layers that also provide a 
planarized surface. 

Summary of the InvcnttCMi 

It has been surprisingly found that the present invention substantially reduces or 
eliminates the contamination or poisoning effects of photoresist layers by dielectric 
layers. It has also been surprisingly found that the compoaitions of the present invention 
form substantially locally planarized surfaces. It has further been surprisingly found that 
the present invention substantially reduces or eliminates standing wave effects, bowing, 
top erosion, and footing. 

In one aspect, the present invention provides a banier composition including one 
or more cross-linkable polymers, one or more acid catalysts, one or more cross-linking 
agents and one or more solvents, wherein at least one of the cross-linkable polymers and 
the cross-linking agent includes one or more acidic moieties. 

In a second aspect, the present invention provides a method of providing a harrier 
layer on a dielectric substrate including the step of disposing on the surface of a dielectric 
substrate a composition including one or more cross-linkable polymers, one or more add 
catalysts, one or more cross-linking agents and one or more solvents, wherein at least one 
of the cross-linkable polymers and the cross-linking agent includes one or more acidic 
moieties. 

In a third aspect, the present invendon provides a device having a dielectric layer 
and a barrier layer disposed thereon, wherein die barrier layer includes one or more cross- 
linked polymers including as polymerized units one or more cross-linkable polymers and 
one or more cross-linking agents, wherein at least one of the cross-linkable polymers and 
the cross-linking agent includes one or more acidic moieties. 

In a fourth aspect, the {H'esent invention provides a method of reducing 
contamination of a photoresist layer including the step of disposing a barrier layer 
between a dielectric layer and the (^otoresist layer, the hairier layer including one or 
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more cross-linked polymers including as polymerized units one or more cross-iinkabie 
polymers and one or more cross-linking agents, wherein at least one of Uie cross-linkable 
polymexs and the cross-linking agent includes one or more acidic moieties. 

In a fifdi aspect, the present invention provides a method for manufacturing an 
electronic device including the steps of: a) providing a dielectric layer on a substrate; b) 
disposing on a surface of the dielectric layer a barrier composition including one or more 
cross-linkable polymers, one or more acid catalysts, one or more cross-linking agents and 
one or more solvents^ wherein at least one of the cross-linkable polymers and the cross- 
linking agent includes one or more acidic moieties; and c) heating the substrate at a 
temperature sufHcient to at least partially cure the barrier composition to form a barrier 
layer. 

In a sixth aspect, the present invention provides a method for manufacturing an 
electronic device including the steps of: a) providing a dielectric layer on a substrate; b) 
disposing on a surface of the dielectric layer a barrier conq)osition including one or more 
cross-linkable polymers, one or more add catalysts, one or more cross-linking agents and 
one or more solvents, wherein at least one of the cross-linkable polymers and the cross- 
linking agent includes one or more acidic moieties; c) heating the substrate at a 
temperature safGcient to at least partially cure the barrier composition to form a barrier 
layer; d) disposing on the surface of the barrier layer an antireflective coating; and e) 
disposing on the surface of the antireflective coating a photoresist layer. 

Brief Descrip tion of the Drawings 

Fig. 1 shows a SBM of a cross-sectional image of a contact hole in a dielectric 
layer formed without the use of a barrier layer. 

Fig. 2 shows a SEM of a cross-sectional image of a contact bole in a dielectric 
layer formed with the use of a 600 A barrier layer. 

Fig. 3 shows a SBM of a cross-sectional image of a contact hole in a dielectric 
layer formed with the use of a 1000 A barrier layer. 
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Fig. 4 shows a SEM of a cross-sectional image of a contact bole in a dielectric 
layer formed with the use of a 1500 A barrier layer. 

Fig. 5 shows a SHM of a cross-sectional image of a contact hole in a dielectric 
layer fonned with the use of a 2000 A barrier layer. 

Detailed Description of the Invention 

As used throughout this specification, the following abbreviations shall have the 
following meanings, unjcss the context clearly indicates otherwise: " C = degrees 
Centigrade; g = gram; cm = centimeter; A = angstroms; rpm = revolutions per minute; 
%wt = percent by weight; mol% = mole percent; mJ = millUoules; cm^ = square 
centimerers; L = liter and mL = milliliter. 

Itie term "polymer" refers to dimers, trim^s, tetramers, oligomers, 
homopolymezs* copolymers and the like. *'Monomer^ refers to any ethylenically or 
acetylenically unsaturated compound capable of being polymerized. The term 
**(meth)acrylic" includes both acrylic and methacrylic and the term '*(m6th)acrylate" 
includes both acrylate and methacrylate. Likewise, the term **(meth}acrylaznide'* refers to 
both acrylamide and methacrylamide. "Alkyl" includes straight chain, branched and 
cyclic alkyl groups. "Cross-linker" and '^cross-linking agent^ are used interchangeably 
throughout this specification. "Apertures" refer to vias, trenches, and combinations 
thereof. 'Teaturcs" refer to various geometries, including ^)crtures. 

All amounts are percent by weight and all ratios are by weight, unless otherwise 
noted. All numerical ranges are inclusive and combinable. 

The present invention is directed to providing a substrate having a dielectric layer, 
particularly a PVD or CVD deposited dielectric layer, with a barrier layer. The present 
invention is further directed to reducing or eliminating the poisoning, or contamination, 
of a photoresist or antireflcctive coating layer by a dielectric layer. The present invention 
is particularly suited for use in any electronic device manufacturing process where a 
photoresist, antireflective coating or both are qsplied to a dielectric layer substrate. 
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Tbe compositions of the present invention usefii] as barrier layer compositions 
include one or more cross-linkable polymers, one or more acid catalysts, one or mote 
cross-linking agents and one or more solvents, wherein at least one of the cross-linkable 
polymers and the cross-linking agent includes one or more acidic moieties. "Acidic 
moieties" refer to one or more acidic groups present on tbe cross-linkable polymers, 
cross-linking agents or both. The acidic moieties are at least partially free, preferably 
substantially free, and more preferably free of blocking groups. The term '^ree of 
blocking groiips'' refers to acidic oooiedes that have not been functionalized or reacted to 
form blocked acidic groups, such as ethers or esters. **Substantially free of blocking 
groups" refers to acidic moieties wherein > 50 % of the acidic groups have not been 
functionalized or reacted to form blocked acidic groups. It is preferred that > 30 % of the 
acidic groups have not been functionalized to form blocked acidic groups and more 
preferably > 20 %. Such acidic moieties include, but are not limited to, caiboxylic acids, 
sulfonic acids, phosphonic acids, hydroxyl compounds such as aromatic hydroxyl 
compounds, anhydrides and the like. It is prefeired that the acidic moieties include 
aromatic hydroxy! compounds. 

It is preferred that the cross-linkable polymers include as polymerised units one or 
more monomers having acidic moieties, and more preferably one or more aromatic 
hydroxyl containing monomers. In such cross-hnkable polymers, the monomers having 
acidic moieties are typically present in an amoimt of from about 1 to about 99 mol%, 
preferably at least about 3 mol%, more preferably at least about 5 mol%, and even more 
preferably at least about 10 mol%. Particularly suitable cross-linkable polymers include 
diose having as polymerized units at least about 20, 30, 40, SO, 60, 70, 80 and 90 mol% 
of monomers having acidic moieties. 

The cross-linkable polymers and cross-linking agents having acidic moieties 
useful in the present invention may also contain other functionality. Suitable other 
functionality includes, but is not limited to, ester groups, halogen, cyano, (Ci-C6)alkoxy, 
and tbe like. Such polymers and cross-linking agents may also contain more than one 
acidic moiety, such as, for example, more than one aromatic hydroxyl group or a 
combinaticm of an aromatic hydroxyl group and a carboxylic acid. 
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Typically, the cross-linkable polymers have a weight average molecular weight of 
about 8000 or less, preferably about 5000 or less, and more preferably about 3000 or less. 
It is also piefened that the cross^inkable polymers have a weight average molecular 
weight of at least about 300. preferably at least about 400, and more preferably at least 
about 500. Thus, a particularly useful weight average molecular weight range is from 
about 300 to about 8000, and more particularly from about 300 to about 5000. 

The cross-linkable polymers of the present invention have low molecular weights 
and broad molecular weight distribudons. The molecular weight distributions of the 
present invention are characterized by the polydispersity of the polymers, i.e. the ratio of 
the weight average molecular weight to number average molecular weight ("M^Mn'O- 
the polymers of the present invention typically have a value of Mw/Mp, i.e, 
polydispersity, of at least 1 .5, preferably at least 1 .8, more preferably at least 2.0, still 
more preferably at least 2.5, even more preferably at least 3.0 and noost preferably at least 
3.5. Typical polydispersities of such cross-linkable polymers are in the tange of from 1.5 
to 4, preferably 1.8 to 4, and more preferably 2 to 4. 

Suitable cross-linkable polymers include, but are not limited to, aromatic- 
aldehyde condensates and any polymers including as polymerized units one or more 
hydroxyl group containing noonomers such as poiy(vinyIphenoI). The aromatic-aldehyde 
condensates useful in the present invention include, but are not limited to, phenolic 
novolak resins. Such novolak resins are typically prepared by condensation of a phenol 
with an aldehyde and are well known in the art and described in numerous publications 
including the Kirk Othmer Encyclopedia of Chemical Technology, Volume 15, pages 
176 to 208, 1968, incorporated herein by reference to the extent it teaches such resins. 
Although phenol itself is the commonly used phenol for the formation of such phenolic 
resins, other hydxoxy-substituted aromadc compounds are equally suitable, such as but 
not limited to resorcinol, alkyl substituted phenols such as naj^thols, ciesols, xylenols, 
and p-tert-butylphenol, and bisphenols such as p-phenylphenol and 4,4- 
isopropylidenediphenol. Preferred phenols include the ctesols, and more preferably m- 
cresol, mixtures of m> and p-cresol, 2,5-xylenol and mixtures thereof. Mixtures of 
hydroxy-substituted aromatic compounds may be advantageously used in the present 
invention. 



-30- 



10 



The aldehyde used is typically fonaaldehyde, but other aldehydes such as but not 
limited to acetaldehyde, fiufurald^yde and an>matic ald^ydes may be used. Preferred 
aromatic aldehydes are those where a hydroxyl group is in a position ortho to the 
caibonyl group. Most preferred aromatic aldehydes are salicylaldehyde, benzaldehyde 
and mixtures thereof. Other aromatic aldehydes suitable for purposes of the invention 
include 2-chlorobenzaldefayde, S-hydroxybenzaldehyde, 4-hydroxybenzaldehyde, 2- 
methoxybenzaldehyde. 3-nitrobenzaldehyde. and the like. Mixtures of aldehydes may be 
advantageously used in the present invention. When an aromatic aldehyde is mixed widi 
formaldehyde or a formaldehyde precursor such as paraformaldehyde, the aromatic 
aldehyde preferably is in molar excess of formaldehyde, and more preferably at least 90% 
by wei^t of the aldehyde mixture. 

Typically, the phenol novolak resins are formed by condensing the phenol, i.e. 
hydroxy-substituted aromatic compound, with the aldehyde in the presence of acid. The 
molar concentration of the aldehyde may be slightly less than that of the phenol, but may 
also be equivalent to or slightly in excess of the phenol without formation of a 
crosslinkcd resin. In this respect, the ratio of the phenol to the aldehyde may vary 
between about 1.1 to I.O and 1.0 to 1.1 See, for example, U.S. Patent No. 5,939.511 
(Zampini et al.). 

In general, the polydispersity of such aromatic-aldehyde condensates useful as 
cross-linkable polymers in the present invention is at least about 2.5, preferably at least 
about 3.0 and more preferably at least about 3.5. 

Any hydroxyl group containing ethylcnically or acetylenically unsaturated 
compound is useful as the hydroxyl group containing monomer in the present invention. 
Such hydroxy group containing monomers may be aliphatic or arcHnatic, and preferably 
aromatic. Suitable hydroxy group containing ftkoaoniers include, but are not limited to, 
phenol, cresol. resorcinol, pyrogallol. methylol phenol, methjiol cresol, methylol 
resorcinol, methylol pyrogallol, hydroxyethylirfienol, bydroxypropylphenol, 
hydroxyethylcresol, vinyl phenol, vinyl cresol, vinyl methoxy ]rfienoi, hydroxyethyl 
(meth)acrylate, 2-hydroxypropyl (meth)a£rylate, 3-hydioxypropyl (meth)acrylate» 
hydroxycyclohexyl (meth)acrylate, hydroxyphenyl (meth)acrylate, di-ethyleneglycol 
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(meth)acrylaie. bis(hydroxyethyl) itaconate, bis(hydroxyethyl) citraconate, 
bis(hydioxyethyl) iiunarate, hydroxyetfayl itaconate, allyl phcnoU allyl methoxy phenol, 
ally! alcohol, vinyl alcohol, and the like. 

It is piefeired that the cross-linkable polymers of the present invention include as 
polymerized units one or more aromatic compounds, such as at least about 3 mol%, 
preferably at least about 5 moI%, and more preferably at least about 10 mol%, Prefened 
aromatic compounds include, but are not limited to, phenolic compounds, cresolic 
compotmds, resorcinolic con^x)unds, xylenolic compounds and the like. Particularly 
useful cross-linkable polymers include those containing at least about 20 mol% aromatic 
compounds as polymerized units. It is further prefened that the cross-linkable polymers 
include one or more aromatic-aldehyde coudcnsates. 

Particularly useful cross-linkable polymers include one or more aromatic- 
aldehyde condensates and one or more other polymers, such as (metfa)acrylate polymers, 
wherein the value of MJMn for the aromatic-ald^yde condensates is at least 2.5, and 
preferably at least 3.0. An advantage of including a non-aromatic polymer, such as a 
(meth)acrylate polymer, with the aromatic-aldehyde condensates is that the etch rate of 
the barrier composition may be increased. It is still further preferred that the cross- 
linkable polymers of the present invention are substantially free of silphenylene moieties, 
and more preferably free of silphenylene moieties. 

Other monomers useful in preparing the cross-linkable polymers of the present 
invention include, but arc not limited to, (meth)acry]ic acid, (meth}acry]anudes, alkyl 
(meth)aciylates, alkenyl (metfa)acry]ates, aromatic {mcth)acrylates, vinyl aromatic 
monomers, nitrogen-containing compounds and their thio-analogs, substituted ethylene 
monomers, and the like. Particularly suitable cross-linkable polymers useful in the 
present invention include mixtures of aromatic-aldehyde condensates, particularly 
novolak resins, with oae or more or poly((racth)aciylic acid), poly((mefli)acrylamide), 
poly(alkyl (meth)acrylate), poIy(alkenyl (meth)acrylate), poly(aroinatic (meth)acrylate), 
and poly( vinyl aromatic). 

Typically, the alkyl (meth)acrylates useful in the present invention are (C1-C24} 
alkyl (meth)acrylates. Suitable alkyl (nieth)acrylates inchide, but are not limited to, "low 
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cut" alkyl (meth)acrylates, "mid cut" alkyi (meth)acrylates and "high cut" aikyJ 
(inetfa}acry]ates. 

*l-ow cut" aUcyl {incth)acrylitfcs are typically those where the alkyl group 
contains finom 1 to 6 carbon atoms. Suitable low cut alkyl (ineth)acrylates include, but 
are not limited to: methyl mcthacrylate (**MMA"), methyl acrylate, ethyl acrylate, 
propyl methacrylate, butyl methacrylate ("BMA"), butyl acrylate ("BA"), isobutyl 
methacrylate ("DBMA"), bexyl methacrylate, cyclohexyl methacrylate, cyclohexyl 
acrylate and mixtures thereof. 

''Mid cut" aik^l (meth)acryiates are typically those where the alkyl group contains 
from 7 to 1 S carbon atoms. Suitable mid cut alkyl (meth)acrylatcs include, but aie not 
limited to: 2-ethylhexyl acrylate f'EHA'O, 2-ethylhexyl methacrylate, octyl 
methacrylate, dccyl mediacrylate, isodecyl methactylate ("DDMA". based on branched 
(Cio)alkyl isomer mixture), undecyl methacrylate, dodecyl methacrylate (also known as 
lauiyl methacrylate), tridecyl methacrylate, tetradecyl methacrylate (also known as 
myristyl methacrylate), pentadecyl methactylate and mixtures thereof. Particularly useful 
mixtures include dbdecyl-pentadecyl methacrylate ("DPMA"), a mixture of linear and 
branched isomers of dodecyl, tridecyl, tetradecyl and pentadecyl methacrylates; and 
lauryl-myristyl methacrylate ("LMA"). 

"High cut" alkyl (meth)acrylates are typically those where die alkyl group 
contains from 16 to 24 carbon atoms. Suitable high cut alkyl (nEieth)acrylates include, but 
are not limited to: hexadecyl methacrylate, heptadecyl methacrylate, octadecyl 
methacrylate, nonadecyl m^acrylate, cosyl methacrylate, eicosyl methacrylate and 
mixmres thereof. Particularly useful mixtures of high cut alkyl (raeth)acrytates Include, 
but are not limited to: cetyl-eicosyl methacrylate C'CEMA"), which is a mixture of 
hexadecyl, octadecyl, cosyl and eicosyl methacrylate; and cetyl-stearyl methacrylate 
("SMA"), which is a mixture of hexadecyl and octadecyl methacr^ate. 

The mid-cut and high-cut alkyl (meth)acrylate monomers described above are 
generally prepared by standard esteriiication procedures using technical grades of long 
chain aliphatic alcohols, and these conunercially available alcohols are mixtures of 
alcohols of varying chain lengths containing between 10 and 15 or 16 and 20 carbon 
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atoms in the alkyl group. Examples of these alcohols are the various 2^eglcr catalyzed 
Alpol alcdiols from Vista Chemical company, i.e., Alfol 1618 and Alfol 1620, 
2eg]er catalyzed various Neodol alcohols from Shell Chemical Company, i.e. Keodol 
25L, and naturally derived alcohols such as Proctor & Gamble's TA-1618 and CO1270. 
Consequently, for the purposes of this invention, alkyl {meth)acrylate is intended to 
include not only the individual alkyl (meth)acrylate product named, but also to include 
mixtures of the alkyl (meth)acrylates with a predominant amount of the particular aUc^ 
(meth)acrylate named 

The alkyl (meth)acrylate monomers useful in the present invention may be a 
single monomer or a mixture having different numbers of carbon atoms in the alkyl 
portion. Also, the (meth)acrylan]ide and alkyl (nicth)acrylate monomers useful in the 
present invention may optionally be substituted. Suitable optionally substimted 
(meth>acrylaniide and alkyl (meth}acry]ate monomers include, but are not limited to: 
hydroxy (Cr-QOalkyl (metb)acrylates, dialkylamino(C2-Q)-alky] (meth]acrylates, 
diaIky]amino(C2-C6}alkyl (meth)acrylamides. 

Particularly useful substituted alkyl (meth)acrylate monomers are those with one 
or more hydxx>xyl groups in the aUcyl radical, especially those where the hydroxyl group 
is found at the p-posilion (2-posltion) in the alkyl radical. Hydroxyalkyl (meth)acrylate 
monomers in which the substituted alkyl group is a (C3-C6)all^yl. branched or 
unbranched, are prefened. Suitable hydroxyalkyl (meth)acrylate monomers include, but 
arc not limited to: 2-hydroxyethyl methacrylate (**HEMA*'). 2-hydroxyethyl acrylate 
("HEA")» 2-hydroxypropyl methacrylate, l-roethyl-2-hydroxyelhyl methacrylate, 2- 
hydroxy-propyl acrylate. l~methyl-2-bydioxyethyl acrylate, 2-hydroxybu^l 
methacrylate. 2-hydroxybutyl acrylate and mixtures thereof. The preferred hydroxyalkyl 
(meth)acrylate monomers are HEMA, l-methyl-2-hydroxyethyl metfaacryiate. 2- 
hydroxypropyl methairrylate and mixtures thereof. A mixture of the latter two monomers 
is commonly referred to as "hydroxypropyl methacrylate" or **HPMA." 

Other substimted (meth)acrylate and (meth)acrylamide monomers useful in the 
present invention are those with a dialkylamino group or dialkylaminoalkyi group in the 
alkyl radical. Examples of such substimted (meth)acrylates and (meth)acrylaniides 
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include, but are not liniitBd to: dimethylaminoethyl methacrylate, dimethylaminoethyi 
acryJate, N^-dimethylaininoethyl methacrylaniide, NJ^-^metfayl-aminopropyl 
methacrylamide, N,N-diiQethylaminobutyl methacrylamide, N^N-Kli-cthylaimiiocthyl 
methacrylainide, N»N-diethylaniinopropyl mcthacrylaznide, NJ^-diethylaminobutyJ 
metbacrylamide. N-(l,l-dirDcthyI-3-oxobutyi) acrylamide, N-(13-diphenyl-l-ethyl-3- 
oxobutyl) acrylamide, N-(l-raethyUl-phenyl-3-oxofautyl) methacrylatnide, and 2- 
hydroxyetfa^ acrylamide, N-methacrylamide of aminoethyl ethylene urea, 
methacryloxy ethyl moipboline, N-maleimide of diniethylaininopropylaxnine and 
mixtures thereof. 

Other substituted (meth)acrylatc monomers useful in the present invention arc 
silicon-containing monomers sucb as y-propyl tri(Ci-C6)alkoxysilyi (meth)acrylate, y- 
propyl tri(Ci-C6)alkylsilyl (meth)acrylate, y-propyl di(Ci-Q)aDcoxy{Ci-Q)alkylsilyl 
(meth)acryiatc, y-propyl di(CrC6)a]lcyl(Ci-C6)aIkoxysilyl (meth}acrylate, vinyl tri(Ci- 
C6)alkoxysilyl (meti))acrylale, vinyl di(CrC6)alkoxy(CrC6)a]kyUiIyl (metfa)aciylate« 
vinyl {Ci-C6)aikoxydi(CrC6)aIkylsilyl (nieth)acrylate, vinyl tri(C]-C6)alkyIsUy! 
(meth)acrylate. and mixtures thereof. 

The vinylaromatic monomers useful as unsaturated nK>nomers in the present 
invention include, but are not limited to: styrene C^STY**), a-methylstyrene, 
vinyltoluene, p-methylstyrene, etbylvinylbenz^e, vinylni^bthalene, vinylxylenes, and 
mixtures thereof. The vinylaromatic monomers also include tbeir corresponding 
substituted counterparts > sucb as halogenated derivatives, Le., containing one or more 
halogen groups, such as fluorine, chlorine or bromine; and nitro, cyano, (Ci-Cio)alkoxy, 
halo(Ci-Cio}aIkyl, carb(Ci-Cio}alkoxy. carboxy, amino, (Ci-Cio)alkylanuno deiivatives 
and the like. 

The nitrogen-containizig compounds and their thio-analogs useful as unsaturated 
monomers in the present invention include, but are not limited to: vinylpyridines such as 
2-vinylpyridine or 4-vinylpyridine; lower alkyl (Ci-Cg) substituted N- vinyl pyridines 
such as 2-methyl-5-vinyl-pyridine, 2-ethyl-5-vinylpyridine, 3'methyl-5-vinylpyridine. 
2,3-dimethyU5-vinyl-pyridine, and 2-mcthyl-3-cthyl-5-vinylpyridine; methyl-substituted 
quinolines and isoquinolines; N-vtnylcs^olactam; N-vinylbutyroIactam; N- 
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vioylpyirolidone; viayl imidazole; N- vinyl carbazole; N-vinyl-succinimide; 
(]iieth}aciylonitxile; o-, m-^ or /i-aininostyrene; maleimidc; N-vinyl-oxazolidone; N J^- 
dlmethyl aminoethyl-viDyl-ethcr, cthyl-2-cyano aciylate; vinyl acetonitrile; N- 
vinylphthalimide; N-vinyl-pyrroJidoncs such as N-viByl-thio-pyiTolidone, 3 methyl- 1- 
vinyl-pyrrolidonc, 4-methyl-l-vinyl-pyrrolidone. S-methyH-vinyl-pyrrolidone, S-ethyl- 
l-vinyl-pyrrolidonc, 3-buiyl-l-viiiyi-pynx>lidoiie, 33-<limBthyH-vinyl-pyrrolidQne, 4^- 
dimethyi-l-vinyi-pyTTolidoae, S.S-dimethyl-l-vinyl-pyirolidone, 3,3^-triincthyM-vinyl- 
pymolidone, 4-ethyl-l-vinyl-pyn:oUdone, 5-methyl-5-ethyI-l-vmyl-py]ToUdoncand 3,4,5- 
tiimetbyl-l-vinyl-pyrroJidone; vinyl pyrroles; vinyl anilines; and vinyl piperidines. 

The substituted ethylene monooiers useful as unsaturated monomers in the present 
invention include, but are not limited to: allylic monomers, vinyl acetate, vinyl 
formamide, vinyl chloride, vinyl fluoride, vinyl bromide, vinylidene chloride, vinylidene 
fluoride and vinylidene bromide. 

Cross-linkable polymers are present in the compositions of the invention across a 
wide range of amounts. Typically, the cross-Hnkable polymers are present in amounts of 
from about 40 to about 85 % of solids, and preferably from iSoo\A 60 to about 85 % of 
solids. 

Cross-linkers useful in the present invention are any which undergo acid 
catalyzed cross^linking with the cross-linkable polymers. Typically, the cross-linkers of 
the present invention have a molecular weight of about 120 Daltons or greater. It is 
pieferred that the cross-Unkers undergo cross-linking reactions a temperature from about 
75^ C to about 250" C. Suitable cross-linkers include di-, tri-, tetra-. or higher multi- 
functional ethylenicaliy unsaturated monomers. Examples of cross-linkers useful in the 
present invention include, but are not limited to: trivinylbeozene, divinyltoluene, 
divinylpyridine. divinylnaq}hthalene and divinylxylene; and such as ethyleneglycol 
diacrylate, trimethylolpropane criacrylate, diethyleneglycol divinyl ether, 
trivinylcyclohexane, allyl methacrylale ("ALMA"), ethyleneglycol dimethacrylate 
OTBGDMA"), diethyleneglycol dimethaciylatc CTDEGDMA"), propylencglycol 
dimethacrylate, propyleneglycol diacrylate, trimethylolprc^ane trimethacrylate 
(TMPTMA"). divinyl benzene ("DVB"), glycidyl meUiacrylatc, 2,2-dimBthylpropane 
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3,3 diacrylate, 1,3-butyleiie glycoi diacrylatc, 1,3-butylcne glycol dimcthacrylate, 1.4- 
butanedxol diacrylate» diethylene glycol diacrylate, dictfaylene glycol dimethaciylate, 1,6- 
hexanediol diacrylate, l,64iexaiiedt<^ dimethacrylate, triprqpylene glycol diacrylate, 
iriethylcnc glycol dimctbacryiate, tetraethylene glycol diacrylate, polyethylene glycol 200 
diacrylate, tetraethylene glycol dimethacrylate, polyethylene glycol dimethacrylate, 
ethoxylated bispheaol A diacrylate, ethoxyiated bisphenol A dimethacrylate, 
polyethylene glycol 600 dimethacrylate, poly(butanediol) diacrylate, pentaerythritol 
triacrylate, trimetbylolpropane trietiioxy triaciylate, glyceryl propoxy tciacrylaite, 
pentaerythritol tetraacrylatc, pentaerythritol tetramethacrylate, dipentacrythritol 
monohydFOxypentaacrylate, divinyl silane, trivinyl silanc, dimethyl divioyl silane, divinyl 
methyl silane, methyl trivinyl silane, diphenyl divinyl silane, divinyl i^eny] silane. 
trivinyl phenyl silane, divinyl methyl phenyl silane, tetiavinyl silane, dimethyl vinyl 
disiloxane, poly(mcthyl vinyl siloxane), poly(vinyl hydro siloxane), poly (phenyl vinyl 
siloxanc), tetra(Ci-C8)aIkoxyglycoluril such as tetramethoxyglycoluril and 
tetrabutoxyglycoluril, and mixtures thereof. 

The cross-linkers of the present invention may be used in the compositions of the 
present invmtion in a wide range of concentrations. Typically, the CTOSs-linkers are 
present in amounts of from about 1 to about 30 % of solids, preferably from about 10 to 
about 25 % of solids, and more |»eferably from about 1 S to about 25 % of solids. 

The acid catalysts useful in the present invention are any which are capable of 
catalyzing the cross-linking reaction of the barrier layer compositions of the present 
invention and include free acids and acid generators. Examples of free acids include, but 
are not limited to, sulfonic acids such as methane sulfonic acid, ethane sulfonic acid, 
propyl sulfcmic add, phenyl sulfonic acid, toluene sulfonic add, dodecylbenzcne sulfonic 
acid, and trifluoromethyl sulfonic acid. 

The add generators include thermal acid generators (*TAGs"), photoacid 
generators ("PAGs'O and mixtures thereof. Any thermal acid generator and any 
^otoadd generator are useful in the present invention. A thermal ^id generator is any 
conq>ound that liberates acid upon themial treatment. Suitable themial add generators 
include, but are not limited to. 2,4,4,6-tBtrabromocyclohexadienone. benzoin tosylate, 2- 
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nitrobenzyl tosylate, other alkyl esters of organic sulfonic acids aod amine salts of 
sulfonic acids, such as amine salts of dodecyl benzene sulfonic acid. Compounds that 
generate a sulfonic acid upon activation, i.e. exposure to heat, are generally suitable. 
Photoacid generators arc compounds that liberate acid upon {^otolysis. Suitable 
photoacid generators include, but are not limited to, onium salts and halogenated non- 
ionic photoacid generators such as l,l-bis(p-chlorophenyl)-2,2,2-trichloroethane and 
fluoroaDcylsulfonic acids, such as perfluorooctylsulfonic acid. 

The acid catalysts aie Qpically present In the con^sitions of the present 
invention in an amount sufficient to catalyze the desired cross-linking reactions, such as 
from about 0.1 to about 8 % of solids, and preferably from about 0.5 to about 5 % of 
solids. It is preferred that a combination of acid catalysts is used in the present invention. 
Suitable combioati(»is include a free acid with a photoacid generator and a free acid with 
a thermal acid generator. Such acid catalysts are generally known or commercially 
available and may be used without fixrther purification. 

The compositions of the present invention contain one or more solvents. Any 
solvent that is compatible with the formulation is suitable. Solvents having low viscosity 
are preferred. Suitable solvents include, but are not limited to, propylene glycol methyl 
ether acetate, 2-heptanone» ethyl lactate or one or more of the glycol ethers such as 2- 
methoxyethyi ether (diglyme), ethylene glycol monomethyl ether, and propylene glycol 
monomethyl ether; solvents that have both ether and hydroxy moieties such as mcthoxy 
butanol, ethoxy butanol, methoxy propanol and ethoxy propanol; esters such as methyl 
ceilosolve acetate, ethyl cellosolve acetate, propylene glycol monomethyl 6ther acetate, 
dipropylene glycol monomethyl ether acetate and other solvents such as dibasic esters, 
propylene carbonate and gamma-butyrolactone. Particularly suitable solvraits useful in 
the present invention are relatively hi^ boiling, i.e. such solvents have boiling points at 
least about 170° C, and preferably at least about 190° C. Mixtures of solvents may be 
advantageously used in the present invuition. Thus, the solvents of the present invention 
may be admixed with one or more other solvents. Such other solvents may be high 
boiling or low boiling. When two or more solvents are used, it is preferred that at least 
one solvent has a boiling point in the range of from about 75° to about 200" C. It is 
further preferred that when two or more solvents are used, that at least one solvent has a 
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boiling point of less than about 200° C and at least one other solvent has a boiling point 
greater than about 200° C. 

The compositions of the present invention may optionally include one or more 
other components, such as, but not limited to, plasticizers, surfactants, leveling agents, 
dyes, pigments, chromophores, and the like. 

Plasticizers may be added to the compositions of die present invention to improve 
certain characteristics of the compositions. Suitable plasticizers include, but are not 
limited to, dibasic esters such as dimethyl adipate and dimethyl succinate. Mixtures of 
plasticizers may be used in the present invention. Typically, the plasticizers are used in 
an amount of from about 0.5 to about 10 % of solids, and preferably from about 1 to 
about 5 % of solids. It is preferred that one or more plasticizers arc used in the 
compositions of the present invention. It will be appreciated by those skilled in the art 
that higher amounts of plasticizers, such as up to about 50 to about 100 % of solids, may 
be advantageously used in the present invention. It is preferred that the plasticizer is a 
liquid. 

Optional surfactants include, but are not limited to, nonionic surfactants, cationic 
surfactants and mixtures thereof. Particularly suitable surfactants are Quorinated 
surfactants, such as those available from the 3M Company. Surfactants are typically used 
in an amount of from about 0. 1 to about 1 .0 %wt. 

The leveling agents useful in the present invention are surface leveling agents 
such as those available under the tradename SiLWET 7604 from Witco, or the surfactant 
FC 430 available from the 3M Company. The choice and amount of such leveling agent 
is within the ability of one skilled in the art Typically, such leveling agents are used in 
an amount of from about 0.1 to about 2 % of total solids. 

The compositions of the present invention may also function as antiieflective 
coatuigs. For example, when the cross-linkable polymer and/or the cross-Unking agent 
contains aromatic groups, such compositions may be used as an antireflective 
composition for 193 nm radiation. In the alternative, dyes or chromophores may be 
added to the compositions of the present invention, such as by cc^lymerization or 
admixture with, to provide antireflective compositions useful at other wavelengths of 
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radiation. For example, the cross-linkable polymer and/or cross-linking agent may 
contain sufficient chromophore groups to yield an optical density of from about 0.3 to 
about 0.8 at the exposure wavelengdi used for subsequently applied photoresist layers, in 
the alternative, a chromophore such as an anthracene compoimd, may be added directly 
to the present compositions. 

The concentration of the dry components, i.e. one or more cross-linkable 
polymers, one or more acid catalysts and one or more cross-linking agents, in the solvent 
will depend on several factors such as the method of application. In general, the solids 
content of the compositions of the present invention include from about 0.5 to 25 weight 
percent of the total weight of the composition, preferably the solids content varies firom 
about 2 to 20 weight percent of the total weight of the composition. The compositions of 
the present invention arc prepared by combining the components in any order. 

The compositions of the present invention are useful as a barrier layer on a 
substrate, particularly dielectric layer substrates, in the manufacmre of electronic devices, 
such as semiconductors, conductors, integrated circuits, printed wiring boards, and the 
like. The compositions of the present invention are particularly useful in the manufacture 
of semiconductor devices such as wafers used in the manufacture of semiconductors. 
The compositions of the present invention may be s^lied to the substrate by any of a 
variety of means, such as by spin coating. When applied to a substrate, the compositions 
of the present invention provide a coating or layer disposed on the surface of the 
substrate. When the compositions are applied by spin coating, such as to a 
semiconductor wafer, the thickness of the resulting film can be controlled, such as from 
about <200 A to about 1.5 pm, and preferably from about 200 A to about 1.5 yaa. 
Typically, the barrier compositions of the present invention are applied in layers of from 
about 600 to about 1600 A, and preferably from about 600 to about 1200 A. 

Thus, the present invention provides a method of providing a barrier layer on a 
dielectric substrate including the step of disposing on the surface of a dielectric substrate 
a composition including one or more cross-linkable polymers, one or more add catalysts, 
one or mote cross-liakhng agents and one or more solvents, wherein at least one of the 
crosS'linkable polymers and the cross-Unking agent includes one or more addic moieties. 
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Hie barrier layers of the present invention may be advantageously used to reduce or 
eliminate the contamination of any photoxesist or antiieflective coajting by any dielectric 
layer, preferably PVD or CVD deposited dtelectrip layeis. Suitable dielectric layers 
include inorganic dielectric layers, organic dielectric layers and mixtures thereof, and 
preferably inorganic dielectric layers. Suitable inorganic dielectric layers include* but are 
not limited to, silicon containing dielectric materials sudi as silica, silsesquioxanes, 
partially condensed alkoxysilanes, organically modified silicates, and the like. Various 
organic dielectric materials may also be used in the preset invention. 

Typically, the compositions of the present invention aie at least partially cured by 
heating at a temperature of from about 75"* to about 250° C, preferably from about 90** to 
about 225° C. "At least partially cured** refers to at least about 10% cross-linking of the 
barrier composition. It is preferred that the barrier composition is substantially cross- 
linked and more preferably folly crosslinked^ The compositions of the present invention 
may be cured by subjecting a substrate coated with the composition to a one-step or two- 
step bake. A one-step bake heats the compositions of the present invention at a 
temperature and for a period of time sufficientiy to at least partially, and preferably 
substantially, cross-link the composition. In the altemative, a two-step bake may be used 
which heats the compositions of the present invention at a first temperature which is not 
sufficient to cure the compositions but allows tl^ compositions to rcflow to improve 
planarization, followed by heating at a second temperature and for a period of time 
sufficiently to at least partially, and preferably substantially, cross-link the composition. 

in general, the compositions of the present invention are cured from about 15 to 
about 360 seconds, preferably firom about 15 to about 120 seconds, moie preferably firom 
about 30 to aboiit 120 seconds, and even mote preferably about 60 seconds. It will be 
appreciated by those skilled in the art that the specific curing time will depend upon the 
specific cross-linking agent, amount of cross-linking agent, amount of acid catalyst, 
beating ten^)erature, among others 

Thus, the present invention also provides substrates or devices having a dielectric 
layer and a barrier layer disposed thereon, wherein the barrier layer includes one or more 
cross-linked polymers including as polymerized units one or more cxoss-linkable 
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polymeis and one or more cross-linking agents, wherein at least one of the cross-linkable 
polymers and the cross-linking agent includes one or more acidic moieties. It is prefetred 
that in such devices that a photoresist layer is disposed on the barrier layer. It is further 
preferred that an antireflective composition is disposed between the barrier layer and the 
photoresist layer 

In the manufacture of electronic devices, particularly semiconductor wafers, 
dielectric layers are often applied, such as by physical vapor deposition ("PVD") or 
chemical vapor deposition C*CVD**). These dielectric layers need to be patterned for 
subsequent etching and metallization steps. Such patterning is achieved throu^ the use 
of photoresists, often in conjunction with antireflective coatings. The application of a 
layer of a barrier composition of the present invention prior to the application of the 
photoresist layer, and preferably prior to the application of an antireflective coating, 
greatly reduces or eliminates poisoning or contamination of the photoresist layer by the 
dielectric layer. 

The poisoning or contamination of a photoresist layer is evidenced by reduced 
resolution of features. For example. Fig. 1 shows a scanning electron micrograph 
C'SEM") of a cross-sectional image of a contact hole In a dielectric layer formed without 
the use of a barrier layer. Significant bowing in the bottom of the contact hole can clearly 
be seen in this figure. When a barrier layer of the present invention is used, the poisoning 
or contamination of the photoresist layer, as evidenced by bowing, is greatly reduced or 
eliminated. Fig. 2 shows a SBM of a cross-sectional image of a contact hole in a 
dielectric layer formed with the use of a 600 A barrier layer of the present Invention. A 
reduction in the amount of bowing in the bottom of the contact hole as compared to Fig. 1 
is clearly visible. Thicker barrier layers of the present invention further reduce such 
poisoning or contamination. Figures 3 to 5 show a SEM of a cross-sectional image of a 
contact hole in a dielectric layer formed with the use of a 1000 A, 1500 A and 2000 A 
thick barrier layer, respectively. As can be seen from Figures 2 through S, the hairier 
layers of the present invention significandy reduce the poisoning or contamination of a 
photoresist layer, as evidenced by bowing. 
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Thus, the present invention provides a method for manufacturing an electronic 
device including the steps of: a) providing a dielectric layer on a substrate; b) disposing 
on a surface of the dielectric layer a barrier composition including one or more cross- 
linkable polymers, one or more acid catalysts, one or more cross-Iioking agents and one 
or mote solvents, wherein at least one of ttie cross-linkable polymers and the cross- 
Unking agent includes one or more acidic moieties; and c) heating the substrate at a 
temperature su£Qcient to at least paniaUy cure the barrier composition to form a barrier 
layer. Typically, a photoresist layer is disposed on the surface of the barrier layer. It is 
preferred that an antireflective coating is disposed between the surface of the barrier layer 
and the photoresist layer. It is further preferred that the photoresist layer includes a 
positive acting photoresist 

Thus, the present invention provides a method for manufacturing an electronic 
device including the steps of: a) providing a dielectric layer on a substrate; b) disposing 
on a surface of the dielectric layer a barrier composition including one or more cross- 
linkable polymers, one or more acid catalysts, one or more cross-linking agents and one 
or more solvents, wherein at least one of the cross-linkable polymers and the cross- 
linking agent includes one or more acidic moieties; c) heating the substrate at a 
temperature sufficient to at least partially cure the barrier composition to form a barrier 
layer, d) disposing on the surface of the barrier layer an antireflective coating; and e) 
disposing on the surface of the antireflective coating a photoresist layer. 

If a barrier layer of the present invention Is used without an antireflective coating, 
it is preferred that the barrier layer has a thickness of at least about 1 000 A, more 
preferably at least about 1200 A, and even more preferably at least about 1500 A. When 
an antireflective coating is disposed between the barrier layer and the photoresist layer, it 
is preferred that the barrier layer has a thickness of at least about 400 A, and more 
preferably of at least about 600 A. Typical ranges of barrier thickness are from about 400 
to about 2500 A, preferably from about 600 to about 2000 A, and more preferably from 
about SOO to about 1500 A. In general, antireflective coatings have a thickness of from 
about 200 to about 2000 A, and preferably from about 400 to about 1600 A. Photoresist 
layers, in general, have a thickness of from about 200 to about 10»000 A, preferably from 
about 500 to sOxnit 7500 A. 
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Ad advantage of the compositions of the present invention is that they are spin 
bowl compatible with photoresist and spin-on dielectrics. 

Although the invention has been described primarily with respect to 
semiconductor manufacture, it will be ^>pfeciated that the present invention may be used 
in a wide variety of applications. 

The following examples are intended to illustrate further various aspects of the 
present invention, but are not intended to limit the scope of the invention in an^ aspect. 

Example 1 

A barrier layer composition was prepared by combining a meta-cresol-para- 
cresol-2,5-dimethoxyphcnol novolak polymer (301.268 g of a 30 % solids solution in 
propylene glycol monometiiyi etiier acetate CTGMEA^, 75.95% of solids, Mn 800, Mw 
2500 g/mol, Tg 83" C), 9.520 g of a blocked dodecyl benzene sulfonic acid as a thermal 
acid generator, (Nacure 5225 available from King Industries, Norwalk, Connecticut, as a 
25 % solids solution in iso-propanol, 2% of solids), tetrabutoxyglycoluril as cross- 
linking agent (26. 180 g, 22 % of soUds), FC430 (available from 3M. Minneapolis, 
Minnesota) as a surface active leveling agent (5.950 g of a 1 % solution in PGMEA, 
0.05% solids), dimethyl adipate (5.950 g, 5 % of solids without including it in solids 
calculation), and 322.512 g of PGMEA. This prcpansd a 700 g sample at 17 % solids. 
The composition was rolled for a period sufficient to solubilize the material and filtered 
through a 0.2 micron poly(tetTafluoroethylene) (**P1'FJB") filter prior to U5c> 



Example 2 

Four wafers containing a P/CVD dielectric layer (Samples 1-4) were spin coated 
with various thicknesses of the barrier composition of the Example 1 using a TEL Mark 
8. The compositions were baked at 195" C for 60 seconds. A commercially available 
antireflective coating (AR7, available from Shipley Company, Marlborough, 
Massachusetts) was spin coated on the surface of the cured barrier composition to 
provide a thickness of 600 A and then baked at 175" C for 60 seconds to cure the film- 
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Four wafers containing the same P/CVD dielectric layer (Comparative Samples 
C1-C4) were spin coated with the same AR7 antireflective coating at various thicknesses 
and baked under the same conditions. These comparative samples did not contain any 
barrier composition. 

All the wafers were then spin coated with a commercially available photoresist 
(UV210, available from Shipley Company). The photoresist was coated to a thickness of 
5000 A and baked at 130° C for 60 seconds. The wafers were then exposed using an 
ASML 5500/200 tool at 25 mJ/cm^ up to 33 mmJ/cm* to prepate 200 nxn trenches having 
an aspect ratio of 1:2. Following exposure, the wafers were baked at 130* C for 90 
seconds and then developed. The results are reported in Table 1. 



Table 1 



SUDplc 


Bairier Coxiqx>sition 
Thickness (A) 


AaCizcflective Coatiiig 
Thickness (A) 


Exposure Results 


I 


1300 


600 


Imaged 


2 


1000 


600 


Imaged 


3 


700 


600 


Imaged 


4 


400 


600 


Imaged 


C-1 


0 


1300 


Did oot usage 


C-2 


0 


1000 


Did not image 


C-3 


0 


1600 


Barely discenuble 
imaging 


C-4 


0 


1900 


Imaged, but not at 
lowest dose 



The above data clearly show that the barrier compositions of the present invention 
are effective in reducing or preventing contamination of poisoning of photoresist layeis 
by dielectric layers. Further, when the compositions of the present invention arc used, 
die thickness of any antireflective coating layer may be reduced. 
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Example 3 

Four wafers having a P/CVD dielectric layer (Samples 5-8) were spin coated with 
various tfaidatesses of the barrier composition of the Example 1. The compositions weie 
baked at 205" C for 60 seconds. A commercially available antireflective coating (AR3, 
available Shipley Company) was spin coated on the surface of the cured barrier 
composition to provide a thickness of 600 A and then baked at 205° C for 60 seconds to 
cure the film. One wafer (Comparative Sample C-5) containing the same P/CVD 
dielectric layer was spin coated with die same AR3 antireflective coating at 600A 
thickness and baked under the same conditions. This comparative sample did not contain 
the barrier composition. 

Each wafer was then spin coated with a conmiercially available photoresist 
(UV200, available from Shipley Company). The photoresist was coated to a thickness of 
5000 A and baked at 140° C for 60 seconiis using a proximity ho^late. The wafers were 
then exposed using an ASML 5500/300 tool to prepare 0.22 \i contact holes. Following 
exposure, the wafers were baked at 140" C for 90 seconds using a proximity hotplate and 
then developed. After development, the wafers were examined using scanning electron 
microscopy C^SEM**). Figures 1-5 show the cross-sectional image of the contact holes 
formed. The exposure conditions are results are reported in Table 2. 



Table 2 



Saixipie 


Barrier CoznpositioD 
Thidmess (A) 




E, (nJ/cm^) 


Figure 


5 


600 


5.0 


33.0 


2 


6 


1000 


5,0 


29J 


3 


7 


1500 


5,0 


34.5 


4 


8 


2000 


5.0 


33.0 


5 


C-5 


0 


5.9 




1 



The use of the barrier compositions of the present invention provide contact holes 
having better sidewall definition and less bowing than those formed without the use of 
the barrier composition. For example. Figure 1 shows the cross-sectional image of a 
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contact hole £rom Comparative Sample C-5, which shows significant bowing. In 
contrast, I^gures 2-5 show czoss-sectional images of contact holes formed using the 
barrier compositions of the present invention. &i these figures, it can clearly be seen that 
the contact holes have better sidewall definition and stgnilScantly less bowing. 
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4. Brief Description of the Drawings 



Fig. 1 shows a SEM of a cross-sectional image of a contact hole in a dielectric 
layer formed without the use of a barrier layer. 

Fig. 2 shows a SHM of a cross-sectional image of a contact hole in a dielectric 
layer formed with the use of a 600 A barrier layer. 

Hg. 3 shows a SEM of a cross-sectional image of a contact hole rn a dielectric 
layer formed with the use of a 1000 A barric? layer. 

Fig. 4 shows a SEM of a cross-sectional image of a contact bole in a dielectric 
layer formed with the use of a 1500 A barrier layer. 

Fig. S shows a SEM of a cross-sectional image of a contact hole in a dielectric 
layer fonned with the use of a 2000 A barrier layer. 
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Abstract of the Disclosure 

Disclosed arc con^wsitions and methods for providing barrier layers for use in 
electronic device manufacture. Also disclosed are methods of reducing or elinunating 
poisoning of photoresists during electronic device manufacture. 



2. Representative Drawing 
Nothing 
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* NOTICES * 

iTPO and NCZPI are not, responsible £or any 
daxnages caused by the use of this trauislation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1 ] The constituent with which it is a barrier constituent containing the polymer in which one or more 
bridge formation is possible, one or more acid catalysts, one or more cross linking agents, and one or more 
solvents, and at least one of the polymer which can construct a bridge, and the cross linking agents has one 
or more acid parts. 

[Claim 2] The constituent according to claim 1 with which the polymer which can construct a bridge has one 
or more aromatic series hydroxyl compounds as a polymerization unit. 

[Claim 3] The constituent according to claim 1 with which the polymer which can construct a bridge 
contains one or more aromatic aldehyde condensates. 

[Claim 4] The constituent according to claim 1 with which an acid part does not contain a blocking radical 
partially at least. 

[Claim 5] The constituent according to claim 1 with which the polymer which can construct a bridge 
contains one or more aromatic aldehyde condensates and one or more acrylate (meta) polymers. 
[Claim 6] How to be an approach of offering a barrier layer on a dielectric base, be a constituent containing 
the polymer in which one or more bridge formation is possible, one or more acid catalysts, one or more 
cross linking agents, and one or more solvents, and include the process which arranges the polymer which 
can construct a bridge, and the constituent with which at least one of the cross linking agents has one or 
more acid parts on the front face of a dielectric base. 

[Claim 7] The approach according to claim 6 the polymer which can construct a bridge contains one or more 
aromatic series hydroxyl compounds as a polymerization unit. 

[Claim 8] The approach according to claim 6 the polymer which can construct a bridge contains one or more 
aromatic aldehyde condensates. 

[Claim 9] The approach according to claim 6 an acid part does not contain a blocking radical partially at 

least. 

[Claim 1 0] The approach according to claim 6 the polymer which can construct a bridge contains one or 
more aromatic aldehyde condensates and one or more acrylate (meta) polymers. 

[Claim 1 1] The approach according to claim 6 by which a dielectric base is applied by a physical vapor 
deposition or chemical vacuum deposition. 

[Claim 12] The approach according to claim 6 a dielectric base is an inorganic substance. 
[Claim 13] The approach according to claim 6 a dielectric base contains silicon, 

[Claim 14] The device which it is the device which has a dielectric layer and the barrier layer arranged on it, 
and this barrier layer has the polymer in which one or more bridge formation is possible as a polymerization 
unit, and one or more cross linking agents, and contains the polymer which can construct a bridge, and one 
or more polymers in which at least one of the cross linking agents has one or more acid parts, and over 
which the bridge was constructed. 

[Claim 15] The device according to claim 14 which furthermore has a photoresist layer. 

[Claim 16] The device according to claim 14 which includes further the antireflection coating arranged 

between a barrier layer and a photoresist layer. 

[Claim 17] The device according to claim 14 with which a barrier layer has the thickness from about 200A 
to about 1.5 microns. 

[Claim 18] The device according to claim 14 with which a dielectric layer is applied by a physical vapor 
deposition or chemical vacuum deposition. 

[Claim 19] The device according to claim 14 whose dielectric layer is an inorganic substance. 
[Claim 20] The device according to claim 14 with which a dielectric layer contains silicon. 
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[Claim 21] How to be a method including arranging a barrier layer between a dielectric layer and a 
photoresist layer of decreasing the contamination of a photoresist layer, and for this barrier layer have the 
polymer in which one or more bridge formation is possible as a polymerization unit, and one or more cross 
linking agents, and contain the polymer which can construct a bridge, and one or more polymers in which at 
least one of the cross linking agents has one or more acid parts and over which the bridge was constructed. 
[Claim 22] The approach according to claim 21 the polymer which can construct a bridge contains one or 
more aromatic series hydroxyl compounds as a polymerization xmit. 

[Claim 23] The approach according to claim 21 the polymer which can construct a bridge contains one or 
more aromatic aldehyde condensates. 

[Claim 24] The approach according to claim 21 an acid part does not contain a blocking radical partially at 
least. 

[Claim 25] The approach according to claim 21 the polymer which can construct a bridge contains one or 

more aromatic aldehyde condensates and one or more acrylate (meta) polymers. 

[Claim 26] The approach according to claim 21a dielectric base is an inorganic substance. 

[Claim 27] The approach according to claim 21 a dielectric base contains silicon. 

[Claim 28] The approach according to claim 21a barrier layer has the thickness from about 200A to about 
1.5 microns. 

[Claim 29] a) The process which offers a dielectric layer on a base, the polymer which can construct a 
bridge beyond bl , The barrier constituent with which at least one of the polymer which can construct a 
bridge, and the cross Hnking agents has one or more acid parts including one or more acid catalysts, one or 
more cross linking agents, and one or more solvents the process arranged on the front face of a dielectric 
layer, and c — the manufacture approach of an electron device which heats a base to sufficient temperature 
to harden a barrier constituent partially at least, and includes the process which forms a barrier layer. 
[Claim 30] a) The process which offers a dielectric layer on a base, the polymer which can construct a 
bridge beyond bl, The barrier constituent with which at least one of the polymer which can construct a 
bridge, and the cross linking agents has one or more acid parts including one or more acid catalysts, one or 
more cross linking agents, and one or more solvents A base is heated to sufficient temperature to harden a 
barrier constituent partially at least, the process arranged on the front face of a dielectric layer, and c ~ The 
manufacture approach including the process which forms a barrier layer, the process which arranges 
antireflection coating on the front face d barrier layer, and the process which arranges a photoresist layer 
on the front face of e antireflection coating of an electron device. 



[Translation done.] 
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* NOTICES * 

JPO and NCZPI are not responsible £or any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 

[0001] Generally this invention relates K)' manufacture of an electron device. This invention relates to the 
photoresist and antireflection coating which are used in manufacture of an electron device more at a detail. 
[0002] In manufacture of electron devices, such as a printed circuit board or a semi-conductor, the layer of 
many matter, such as a photoresist or antireflection coating, is applied on a base. A photoresist is a 
photographic sensitive film used for imprinting an image to a base. The coating layer of a photoresist is 
formed on a base and a photoresist layer is exposed by the activity radiation source through a photo mask 
(reticle (reticle)) next. A photo mask has other penetrable fields to an impermeable field and an 
impermeable activity radiation to an activity radiation. If it exposes with an activity radiation, the chemical 
conversion induced by the light of photoresist coating will take place, and the pattern of a photo mask will 
be imprinted by the wrap photoresist in a base. After exposure, a photoresist is developed, a relief image is 
acquired, and, thereby, alternative processing of a base is attained. 

[0003] A photoresist can be either a positive type or a negative mold, or [ carrying out the polymerization of 
the part for these coating layers exposed with an activity radiation about almost all the negative-molds 
photoresist in the reaction between the optical activity compound (photoactivecompound) of a photoresist 
constituent, and a polymerization nature reagent ] — or a bridge is constructed. Therefore, the exposed 
coating part cannot melt easily into a developer rather than a part for an unexposed part. Although the part 
exposed about the positive type photoresist becomes easy to melt by the inside of a developer, the amount of 
unexposed part cannot continue melting into a developer comparatively easily. It is well-known in this 
industry, and a photoresist constituent is Deforest and Photoresist. Materials and Processes, McGraw Hill 
Book Company, New York, Chapter 2, 1975 and Moreau, Semiconductor Lithography, Principles, Practices 
and Materials, Plenum Press, New It is ttdicated by York, Chapter 2, and Chapter 4 (the part all indicate a 
photoresist constituent, its manufacturing method, and a usage to be is referred to as a part of this invention). 

[0004] The main applications of a photoresist are use in semi-conductor manufacture, and the pxirpose is 
forming beer, a trench, or structure like those combination in a dielectric layer. It is important in order that 
suitable photoresist processing may attain this purpose. Although powerful interdependence is among 
various photoresist processing processes, it is thought that exposure is one of the more important processes 
which acquires a high-resolution photoresist image. 

[0005] It sets in such a process and reflection of the activity radiation between exposure of a photoresist and 
"poise NINGU (poisoning)" of the photoresist by the dielectric layer are harmful because of formation of 
detailed structure. For example, reflection of the activity radiation from the lower layer of a photoresist 
restrains the resolution of the image pattemized in the photoresist layer in many cases. Reflection of the 
radiation from a base / photoresist interface can fluctuate the radiation intensity in a photoresist during 
exposure, consequently the Rhine width of face of a photoresist becomes an ununiformity at the time of 
development. Further, radiations can be scattered about all over a photoresist field without the intention to 
expose, and fluctuation of the Rhine width of face produces them from a base / photoresist interface also by 
this. Dispersion and the amount of reflection change with locations typically, consequently the Rhine width 
of face becomes an ununiformity further. 

[0006] Reflection of an activity radiation serves as a cause of the phenomenon further known for this 
industry as "standing wave effectiveness (standing wave effect)." In order to abolish the effectiveness of the 
chromatic aberration in the lens of an al|gner, in a photoresist projection technique, monochrome or semi- 
monochromatic radiation is usually used. However, when using monochrome or semi- monochromatic 
radiation for photoresist exposure for reflection of the radiation in a photoresist / base interface, constructive 
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interference and especially destructive interference are remarkable. In such a case, the reflected light 
interferes with incident light and forms a standing wave in a photoresist. Since the thin layer of a photoresist 
with insufficient (underexposed) exposure is formed at the minimum point of a standing wave with the big 
amplitude in the case of a high reflexibility base field, a problem gets worse. The layer with insufficient 
exposure can bar the development of a perfect photoresist, and the problem of edge AKUI tea (edge acuity) 
produces it in a photoresist profile. Since the total amount of the radiation required in order to expose this 
will increase if the amount of photoresists increases, generally the time amount required in order to expose a 
photoresist is the increasing fianction of the thickness of a photoresist. However, in the thickness direction of 
a photoresist, the higher harmonic (harmonic component) which changes between maximum and the 
minimum value continuously is included between exposure for the standing wave effectiveness. When the 
thickness of a photoresist is uneven, a problem becomes still more serious and the Rhine width of face is 
changed. 

[0007] By the orientation latest [ to a high density semiconductor device ], there is a motion which shortens 
wavelength of the exposure light source in the industrial world like deep ultra-violet (DUV) light 
(wavelength is 300nm or less), KxF excimer laser light (248nm), ArF excimer laser light (193nm), an 
electron ray, and soft X ray. Generally by using for image-ization of photoresist coating the light which 
shortened wavelength, the reflection from a resist up front face and a lower base front face increases. Thus, 
use of shorter wavelength worsens the problem of the reflection from a base front face. 
[0008] The further approach used in orde^ to reduce the problem of the reflected radiation was using the 
absorption-of-radiation layer called the Ibp antireflection coating or TARC arranged on the absorption-of- 
radiation layer called the bottom antireflection coating or BARC between a base front face and a photoresist 
coating layer, or the front face of photoresist coating. For example, it is reference [ No. / [the part which 
indicates all the acid-resisting (antihalation) constituents in these reference and use of those is referred to as 
a part of this invention] / the PCT application WO 90/No. 03598, the Europe patent application 
0639941ANO. 1 and U.S. Pat. No. 4910122, No. 4370405, and / 4362809 ]. Generally such BARC and a 
TARC layer are also indicated by reference as an acid-resisting layer or an acid-resisting constituent. 
Typically, such an acid-resisting constituent contains an absorption-of-radiation component or a 
chromophore, a polymer binder and 1, or the cross linking agent beyond it. For example, the well-known 
acid-resisting constituent contained epoxy-phenol binder which does not have typically free hydroxyl, or the 
acrylate binder which does not have an acid radical substantially. 

[0009] The variation in the topography (topography) of a base also produces the problem of the reflection 
which restrains resolution. The image on a base may scatter about or reflect a collision radiation (impinging 
radiation) in the direction where versatility is not controlled, and affects the homogeneity of the 
development of a photoresist. If the topography of a base tends to design a more complicated circuit, it will 
become still more complicated and the effectiveness of the reflected radiation will become still more 
serious. For example, especially metal INTAKONEKUTO used on many micro electro nick bases is a 
problem because of the topography and a high reflexibility field. 

[0010] One solution of the technical problem resulting from the variation in the topography of a base is the 
approach of arranging a photoresist in t|TLe height same on a front face, and the approach of this is indicated 
by U.S. Pat. No. 4557797 (Fuller et al.jf The multilayer-structure object which has the comparatively thick 
lower layer of Fori (methylmetaacrylate) (PMMA) is used for this approach, and it offers a flat front face, 
the thin middle class who is antireflection coating, and the thin upper layer which is the photoresist matter. 
However, this system forms as a result the thick polymer layer which must be removed. Typically, such a 
layer is removed by various approaches including chemical machinery polish (CMP), etching, and wet 
chemical **. For the time amount of the addition by such removal process, and cost, in order that a polymer 
layer may help subsequent removal, a thing thin as much as possible is desired. 

[001 1] other solution of the technical problem accompanying the variation in the topography of a base — 
Adams et al. and Planarizing AR for DUV Lithography and Microlithography 1999: Advances in Resist 
Technology and Processing XVI and Proceedings of SPIE voL3678, part2, and pp849- it is indicated by 856 
and 1999. This indicates use of the flattening antireflection coating which reduces the need of arranging a 
separate flattening layer between an acid-resisting layer and a base. 

[0012] Use of the photoresist layer to a dielectric layer top ofl:en brings about "poise NINGU" of a 
photoresist layer. This poses a problem, especially when a dielectric layer is applied by physics or chemical 
vacuum deposition (P/CVD). Although the theory of such poise NINGU is not understood completely, such 
a dielectric layer may cause a remarkable photospeed shift (photospeed shift), lifting, degradation of a 
profile, or prohibition of the perfect dissolution in the beer field between trench daily rye NIEISHON [ in / 
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already / an eclipse ****** aperture field with a pattern, for example, a dual DAMASHIN process, ] (trench 
delineation). Such poise NINGU is a prablem especially when a positive type photoresist like a deep UV 
(DUV) photoresist is used. Although B ARC offered the effective chemical barrier to the photoresist layer, 
such its BARC was not fully effective for offering a barrier layer to such poise NINGU by the dielectric 
layer. 

[001 3] Therefore, offering the effective barrier to the PONIZUNINGU effectiveness of the photoresist by 
the dielectric layer, especially the need of receiving the barrier layer which offers the front face by which 
flattening was carried out exist. 

[0014] It was found out that this invention decreases thru/or extinguishes the contamination or the poise 
NINGU effectiveness of a photoresist layer by the dielectric layer. It was also found out that the constituent 
of this invention forms a flat front face locally substantially. Furthermore, it was found out that this 
invention decreases thru/or extinguishes substantially the standing wave effectiveness, the Boeing (bowing), 
surface corrosion, and a footing (footing). 

[0015] In the 1st mode, this invention is a barrier constituent containing the polymer in which one or more 
bridge formation is possible, one or more acid catalysts, one or more cross linking agents, and one or more 
solvents, and offers the polymer which can construct a bridge, and the constituent with which at least one of 
the cross linking agents has one or more acid parts. 

[0016] In the 2nd mode, this invention is the approach of offering a barrier layer on a dielectric base, is a 
barrier constituent containing the polymer in which one or more bridge formation is possible, one or more 
acid catalysts, one or more cross linking agents, and one or more solvents, and offers an approach including 
the process which arranges the polymer which can construct a bridge, and the constituent with which at leeist 
one of the cross linking agents has one OT; more acid parts on the front face of a dielectric base. 
[0017] In the 3rd mode, this invention xs a device which has a dielectric layer and the barrier layer arranged 
on it, and offers the device with which this barrier layer has the polymer in which one or more bridge 
formation is possible as a polymerization unit, and one or more cross linking agents, and contains the 
polymer which can construct a bridge, and one or more polymers in which at least one of the cross linking 
agents has one or more acid parts, and over which the bridge was constructed. 

[0018] In the 4th mode, include that this invention arranges a barrier layer between a dielectric layer and a 
photoresist layer. It is the approach of decreasing the contamination of a photoresist layer. This barrier layer 
has the polymer in which one or more bridge formation is possible as a polymerization unit, and one or more 
cross linking agents, and the approach containing the polymer which can construct a bridge, and one or 
more polymers in which at least one of the cross linking agents has one or more acid parts and over which 
the bridge was constructed is offered. 

[0019] The process to which this invention offers a dielectric layer on a base in the 5th mode, b) The 
polymer in which one or more bridge formation is possible, one or more acid catalysts, one or more cross 
linking agents, And the barrier constituent with which at least one of the polymer which can construct a 
bridge, and the cross linking agents has one or more acid parts including one or more solvents the process 
arranged on the front face of a dielectric layer, and c ~ a base is heated to sufficient temperature to harden a 
barrier constituent partially at least, and the manufacture approach including the process which forms a 
barrier layer of an electron device is offered. 

[0020] The process to which this invention offers a dielectric layer on a base in the 6th mode, b) The 
polymer in which one or more bridge formation is possible, one or more acid catalysts, one or more cross 
linking agents, And the barrier constituent with which at least one of the pol5aner which can construct a 
bridge, and the cross linking agents has one or more acid parts including one or more solvents A base is 
heated to sufficient temperature to harden a barrier constituent partially at least, the process arranged on the 
front face of a dielectric layer, and c — The manufacture approach including the process which forms a 
barrier layer, the process which arranges antireflection coating on the front face of d barrier layer, and the 
process which arranges a photoresist layer on the front face of e antireflection coating of an electron device 
is offered. 

[0021] The :degree-C= Celsius degree;g= gram in which the following abbreviation has the semantics of a 
degree as what is used through this specification unless it is shown especially in others; it is an engine- 
speed;%wt= percent-by-weight;mol%= mol %;mJ= Miri Joule;cm2= square centimeter;L= liter;mL= 
milliliter around for cm= cm;**= angstrom;rpm= 1 minute. The vocabulary "a polymer" means a dimer, a 
trimer, a tetramer, oligomer, a homopplymer, a copolymer, etc. The vocabulary "a monomer" means the 
ethylene nature or the acetylene nature unsaturated compound of arbitration by which a polymerization can 
be carried out. Both acrylate and methacrylate are further included [ vocabulary / "an acrylic (meta)" ] with 
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the vocabulary "acrylate (meta)" including both an acrylic and a meta-acrylic. Similarly, the vocabulary 
"acrylamide (meta)" means both acrylamide and meta-acrylamide. "Alkyl" contains a straight chain, 
branched chain, and a ring type alkyl group, A "cross linker" or a "cross linking agent" is used as an 
exchangeable thing in this specification. "Aperture" means beer, trenches, and such combination, "A future 
(feature)" means various geometry including aperture. Unless it is shown especially in others, all amounts 
are percentage by weight and all ratios are weight ratios. Combination is possible for all numerical range 
including boundary value. $ [ 

[0022] This invention relates to offering the base which has a dielectric layer especially the dielectric layer 
PVD(ed) or CVD(ed), and a barrier layer. This invention relates to decreasing thru/or extinguishing poise 
NINGU or contamination of the photoresist by the dielectric layer, or an antireflection coating layer further. 
Especially this invention relates to the manufacture approach of an electron device that a photoresist, 
antireflection coating, or both were applied to the dielectric layer base. 

[0023] The constituent of this invention is a barrier constituent containing the polymer in which one or more 
bridge formation is possible, one or more acid catalysts, one or more cross linking agents, and one or more 
solvents, and is usefixl as a barrier layer constituent with which at least one of the polymer which can 
construct a bridge, and the cross linking agents has one or more acid parts. "An acid part" means one or 
more acidic groups which exist in the polymer which can construct a bridge, a cross linking agent, or its 
both. An acid part substantial more desirable completely does not contain a blocking radical preferably 
partially at least. "Excluding a blocking radical", an acid part like the ether or ester which does not form the 
acidic group blocked by being organic-functions-ized or reacting is said. "Excluding a blocking radical 
substantially", 50% or more of an acid part is organic-fiinctions-ized, or it says the acid part which does not 
form the acidic group blocked by reacting, desirable — 30% or more of an acid part — more desirable ~ 
20% or more — organic functions — it is-izing and carried out and the blocked acidic group is not formed. 
Although a carboxylic acid, a sulfonic acid, phosphonic acid, for example, a hydroxy! compound like an 
aromatic series hydroxyl compound, an acid anhydride, etc. are raised as such an acid part, it is not limited 
to these. It is desirable that an acid part contains an aromatic series hydroxyl compound. 
[0024] It is desirable that the polymer which can construct a bridge contains the monomer which has one or 
more acid parts as a polymerization unit, and it is more desirable that one or more aromatic series hydroxyl 
content monomers are included, the monomer which has an acid part in the polymer in which such bridge 
formation is possible ~ typical - about one to about 99-mol % — desirable - at least — about three-mol % — 
more ~ desirable — at least — about five-mol % — it exists in % of the amount of about ten mols at least 
further more preferably. As a polymer in which suitable bridge formation is possible, the thing containing 
the monomer which has about 20, 30, 40, 50, 60, 70 and 80, and a 90-mol % acid part at least as a 
polymerization unit is raised especially. 

[0025] In this invention, the polymer and cross linking agent in which useful bridge formation is possible 
can also contain other functional groups. As other suitable functional groups, although an ester group, a 
halogen, cyano ** (C1-C6) ARUKOKISHI, etc. are raised, it is not limited to these. Such a polymer and a 
cross linking agent can also include the combination of more acid parts, for example, more aromatic series 
hydroxyls than 1 , than 1 or aromatic series hydroxyl, and a carboxylic-acid radical. 

[0026] Typically, the polymer which can construct a bridge has about 3000 or less weight average molecular 
weight more preferably about 5000 or less about 8000 or less, the polymer which can construct a bridge — at 
least ~ about 300 ~ it is preferably desirable about 400 and to have about 500 weight average molecular 
weight at least more preferably at least, namely, especially the range of useful weight average molecular 
weight — about 300 to about 8000 ~ it is about 300 to about 5000 more preferably. 

[0027] The polymer which can construct a bridge for this invention has small molecular weight and large 
molecular weight distribution. The molecular weight distribution of this invention are characterized as the 
polydispersed degree of a polymer, i.e,^>^ft ratio of weight average molecular weight and number average 
molecular weight, (Mw/Mn). the polymer of this invention — typical ~ at least 1,5 ~ desirable — at least 1.8 
— more — desirable — at least 2.0 — fiirther — more — desirable — at least 2.5 — further — more — at least 3.0 
of a son-in-law — it has most preferably, Mw/Mn, i.e., the polydispersed degree, of at least 3.5. the typical 
polydispersed degree of the polymer in which such bridge formation is possible ~ 1.5 to 4 ~ desirable — 1 .8 
to 4 — it is the range of 2 to 4 more preferably. 

[0028] Although the polymer of the arbitration which has a polymerization unit of one or more hydroxyl 
content monomers like an aromatic aldehyde condensate and Pori (vinyl phenol) as a polymer in which 
suitable bridge formation is possible is raised, it is not limited to these. Although phenol novolak resin is 
mentioned as a useful aromatic series-aldehyde condensate in this invention, it is not limited to this. Such 
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novolak resin is typically prepared by condensation with the aldehyde of a phenol, this novolak resin is still 
better known, and it is Kirk. Othmer Encyclopedia of Chemical It is indicated by many publications 
containing Technology, 15 volumes, 176-208 pages, and 1968, and the publication which teaches such resin 
in this publication is referred to as some of these specifications. Although a phenol is a phenol generally 
because of itself formation of such phenol resin used, and not limited especially for example, other hydroxy 
permutation aromatic compounds like bisphenols including p-phenylphenol and 4, and 4'-isopropylidene 
diphenol are suitable for alkylation phenol; lists including a resorcinol; naphthol, cresol, a xylenol, and p- 
tert-butylphenol similarly. Cresol is mentioned as desirable phenols and such mixture is more preferably 
mentioned to m-cresol, m- and the mixture of p-cresol, 2, 5-xylenol, and a list. The mixture of a hydroxy 
permutation aromatic compound can be advantageously used in this invention. 

[0029] Although the aldehyde used is formaldehyde typically, and not limited to these, an acetaldehyde, 
furfuraldehyde, and other aldehydes likgjaromatic aldehyde can also be used, for example. Desirable 
aromatic aldehyde has hydroxyl in the OTtho position of a carbonyl group. The most desirable aromatic 
aldehyde is salichlaldehyde, benzaldehydes, and those mixture. As other aromatic aldehyde suitable for the 
purpose of this invention, 2-chlorobenzaldehyde, 3-hydroxyl benzaldehyde, 4-hydroxyl benzaldehyde, 2- 
methoxy benzaldehyde, 3-nitro benzaldehyde, etc. are raised. The mixture of an aldehyde can also be used 
useful in this invention. When aromatic aldehyde is mixed with formaldehyde or a formaldehyde precursor, 
for example, a paraformaldehyde, rather than formaldehyde, the mol of aromatic aldehyde is superfluous, it 
exists and exists more preferably with at least 90% of the weight of aldehyde mixture. 
[0030] Typically, phenol-no volak resin is from the aromatic compound and aldehyde by which 

the hydroxyl permutation was carried out under existence of the condensation of a phenol, i.e., an acid. 
Although there can be less mol concentration of an aldehyde a little than the mol concentration of a phenol, 
it can be equivalence, and some [ of a phenol ] can also be superfluous without forming the resin which 
constructed the bridge. The ratio of a phenol and an aldehyde can change fi-om this viewpoint from about 1.1 
to 1.0 to 1.0 to 1.1. For example, refer to U.S. Pat. No. 593951 1 (Zampini). general — this invention — 
setting — such polydispersed degree of an aromatic series-aldehyde condensate useful as a polymer which 
can construct a bridge — at least — about 2.5 — desirable — at least ~ about 3.0 — it is about 3.5 at least more 
preferably. 

[003 1] The hydroxyl content ethylene nature or the acetylene nature unsaturated compound of arbitration is 
useful as a hydroxyl content monomer in this invention. Such a hydroxyl content monomer can be aliphatic 
series or aromatic series, and is aromatic series preferably. As a suitable hydroxyl content monomer A 
phenol, cresol, resorcinol, pyrogallol, a pethylol phenol, Methylol cresol, methylol resorcinol, methylol 
pyrogallol, A hydroxyethyl phenol, a hydroxypropyl phenol, hydroxyethyl cresol, A vinyl phenol, vinyl 
cresol, a vinyl methoxy phenol, Hydroxyethyl (meta) acrylate, 2-hydroxypropyl (meta) acrylate, 3- 
hydroxypropyl (meta) acrylate, hydroxy cyclohexyl (meta) acrylate, Hydroxyphenyl (meta) acrylate, G 
ethylene glycol (meta) acrylate. Although bis(hydroxyethyl) itaconate, bis(hydroxyethyl) citraconate, bis 
(hydroxyethyl) fumarate, hydroxyethyl itaconate, an allyl compound phenol, an allyl compound methoxy 
phenol, allyl alcohol, vinyl alcohol, etc. are raised It is not limited to these. 

[0032] the polymer which can construct a bridge for this invention — as a polymerization unit — one or more 
aromatic compounds — for example, — at least — about three-mol % -- desirable — at least — about five-mol 
% — more ~ desirable ~ at least — about ten-mol % — containing is desirable. As a desirable aromatic 
compound, although a phenol nature compound, a cresol compound, a resorcinol compound, a xylenol 
compound, etc. are raised, it is not limited to these. As a polymer in which useful bridge formation is 
possible, what contains about 20-mol % of an aromatic compound at least as a polymerization unit is raised 
especially. It is still more desirable that the polymer which can construct a bridge contains one or more 
aromatic aldehyde condensates. 

[0033] The values of Mw/Mn of an aromatic aldehyde condensate of especially the polymer in which useful 
bridge formation is possible are at least 2.5 and the thing which is at least 3.0 preferably including one or 
more aromatic aldehyde condensates and other one or more polymers, for example, (meta), an acrylate 
polymer. For example, (meta), the advantage which contains a non-aromatic polymer like an acrylate 
polymer with an aromatic aldehyde condensate is being, in case the etch rate of a barrier constituent is 
increased. It is still more desirable that the polymer which can construct a bridge for this invention does not 
include a sill phenylene part substantially, and it does not include a sill phenylene part more preferably. 
[0034] Although an acrylic acid (meta), acrylamide (meta), alkyl (meta) acrylate, alkenyl (meta) acrylate, 
aromatic series (meta) acrylate, a vinyl aromatic series monomer, the thio analog of the nitrogen content 
compound another place, the permuted ethylene monomer are raised as a useful monomer in order to 
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prepare the polymer which can construct a bridge for this invention, it is not Hmited to these. In this 
invention, the mixture of an aromatic aldehyde condensate is raised as a polymer in which useful especially 
desirable bridge formation is possible, and they are novolak resin and one or more mixture with Fori (meta) 
(acrylic acid), Pori (meta) (acrylamide), Pori (alkyl (meta) acrylate), Pori (alkenyl (meta) acrylate), Pori 
(aromatic series (meta) acrylate), and Pori (vinyl aromatic series) especially. 

[0035] Typically, in this invention, useful alkyl (meta) acrylate is alkyl (C1-C24) (meta) acrylate. As 
suitable alkyl (meta) acrylate, although "low cut (low cut)" alkyl (meta) acrylate, "mid cut (mid cut)" alkyl 
(meta) acrylate, and "high cut (high cut)" alkyl (meta) acrylate are mentioned, it is not limited to these. 
Typically, as for "low cut" alkyl (meta) acrylate, an alkyl group has 1-6 carbon atoms. As suitable low cut 
alkyl (meta) acrylate, although it passes, and KISHIRU methacrylate is mentioned to KISHIRU 
methacrylate and cyclo and KISHIRU acrylate and such mixture are mentioned to cyclo, they are not a 
methylmetaacrylate (MMA), methyl acrylate, ethyl acrylate, propyl methacrylate, butyl methacrylate 
(BMA), butyl acrylate (BA), isobutyl methacrylate (IBMA), and the thing limited to these. 
[0036] Typically, as for "mid cut" alkyl (meta) acrylate, an alkyl group has 7-15 carbon atoms. As suitable 
mid cut alkyl (meta) acrylate To 2-eth)^jb to KISHIRU acrylate (EHA) and 2-ethyl KISHIRU methacrylate, 
Octyl methacrylate, decyl methacrylate^ isodecyl methacrylate (it IDMA(s)) The undecyl methacrylate 
which uses branching (CIO) alkyl isomer mixture as the base, Dodecyl methacrylate (known also as lauryl 
methacrylate), Although methacrylate, tetradecyl methacrylate (known also as milli still methacrylate), 
pentadecyl methacrylate, and such mixture are mentioned, it is not limited to these. As useful mixture, 
mixture [ of the dodecyl of dodecyl-pentadecyl methacrylate (DPMA), a straight chain, and branched chain, 
tridecyl, tetradecyl and pentadecyl methacrylate ]; and lauryl-millimeter still methacrylate (LMA) are 
mentioned especially. 

[0037] Typically, as for "high cut" alkyl (meta) acrylate, an alkyl group has 16-24 carbon atoms. As suitable 
high cut alkyl (meta) acrylate, although hexadecyl methacrylate, heptadecyl methacrylate, octadecyl 
methacrylate, nona decyl methacrylate, KOSHIRU methacrylate, EIKO sill methacrylate, and such mixture 
are mentioned, it is not limited to these. Cetyl-EIKO sill methacrylate which is the mixture of hexadecyl, 
octadecyl, KOSHIRU, and EIKO sill methacrylate as especially useful mixture of high cut alkyl (meta) 
acrylate (CEMA); although the cetyl-stearyl metaacrylate (SMA) which is the mixture of hexadecyl and 
octadecyl methacrylate is mentioned to a list, it is not limited to these. 

[0038] an above-mentioned MIDDO-cut — and — yes, - cut alkyl (meta) acrylate monomer is generally 
prepared by the standard esterification approach which used the long-chain fatty alcohol of reagent grade ~ 
having — these ~ the alkyl group of available alcohol is 10-15 pieces or the mixture of various chain length*s 
alcohol which it has 16-20 pieces about a carbon atom commercially. As an example of these alcohol, it is 
Vista, Chemical Various Ziegler catalyst-ized (Ziegler catalyzed) ALFOL alcohol from company, 
ALFOL1618 and ALFOL 1620, Shell Comical T A- 161 8 of Proctor&Gamble's and the alcohol of the 
natural product origin like CO- 1270 areinentioned to various Ziegler catalyst-ized NEODOL alcohol from 
Company, i.e., NEODOL25L, and a list. [ i.e., ] Therefore, for the purpose of this invention, alkyl (meta) 
acrylate is meant with the thing also containing the mixture of the alkyl (meta) acrylate which each named 
alkyl (meta) acrylate product is not only included, but mainly contains the named specific alkyl (meta) 
acrylate. 

[0039] In this invention, a useful alkyl (meta) acrylate monomer can be an independent monomer, or can be 
mixture with which the number of the carbon atoms of an alkyl part differs. Moreover, in this invention, 
useful acrylamide (meta) and a useful alkyl (meta) acrylate monomer can be permuted by arbitration. As the 
permutation (meta) acrylamide and the alkyl (meta) acrylate monomer of suitable arbitration, although 
hydroxy (C2-C6) alkyl (meta) acrylate, dialkylamino (C2-C6)-alkyl (meta) acrylate, and dialkylamino (C2- 
C6) alkyl (meta) acrylamide are mentioned, it is not limited to these. Especially a useful permutation alkyl 
(meta) acrylate monomer has one or more hydroxyls in an alkyl group, and hydroxyl is at least in beta- in an 
alkyl group especially (about 2-). The hydroxyalkyl (meta) acrylate monomer whose permutation alkyl 
group is the alkyl (C2-C6) of branched chain or a straight chain is desirable. As a suitable hydroxyalkyl 
(meta) acrylate monomer, although 2-hydroxyethyl methacrylate (HEMA), 2 -hydroxy ethyl acrylate (HEA), 
2-hydrox>T5ropyl methacrylate, l-methyl-2-hydroxyethyl methacrylate, 2-hydroxy-propylacrylate, 1 -methyl- 
2-hydroxyethyl acrylate, 2-hydroxy butyl methacrylate, 2-hydroxy butyl acrylate, and such mixture are 
mentioned, it is not limited to these. Suitable hydroxyalkyl (meta) acrylate monomers are HEMA, 1 -methyl- 
2-hydroxyethyl methacrylate, 2-hydroxypropyl methacrylate, and such mixture. Generally the mixture of the 
two latter monomers is called "hydrox>^ropyl methacrylate" or "HPMA." 

[0040] In this invention, other useful acrylate (meta) and acrylamide (meta) monomers which were 
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permuted have a dialkylamino radical or a dialkylamino alkyl group in an alkyl group. As an example of 
such permuted acrylate (meta) and acrylamide (meta) Dimethylaminoethyl methacrylate, dimethylamino 
ethyl acrylate, N and N-dimethylaminoethyl meta-acrylamide, N, and N-dimethyl-aminopropyl meta- 
acrylamide, N and N-dimethylamino butyl meta-acrylamide, N, and N-G ethylamino ethyl meta-acrylamide, 
N and N-diethylamino propyl meta-acrylamide, N, and N-diethylamino butyl meta-acrylamide, N-(l and 1- 
dimethyl-3-oxo-butyl) acrylamide, N-(l and 3-diphenyl-l-ethyl-3-oxo-butyl) acrylamide, N-( 1 -methyl- 1- 
phenyl-3-oxo-butyl) meta-acrylamide, And 2-hydroxyethyl acrylamide, N-meta-acrylamide of aminoethyl 
ethylene urea, Although such mixture is mentioned to N-METAAKURIRU oxy-ethyl morpholine, N- 
maleimide of dimethylamino propylamine, and a list, it is not limited to these. 

[0041] Other permutation (meta) acrylate monomers useful to this invention gamma-pro PIRUTORI (Cl- 
C6) alkoxy silyl (meth)acrylate, gamma-pro PIRUTORI (C1-C6) alkyl silyl (meth)acrylate, gamma-pro 
PIRUJI (C1-C6) alkoxy (C1-C6) alkyl silyl (meth)acrylate, gamma-pro PIRUJI (C1-C6) alkyl (C1-C6) 
alkoxy silyl (meth)acrylate, BINIRUTORI (C1-C6) alkoxy silyl (meth)acrylate, BINIRUJI (C1-C6) alkoxy 
(C1-C6) alkyl silyl (meth)acrylate, They are silicon content monomers, such as vinyl (C1-C6) 
ARUKOKISHIJI (C1.C6) alkyl silyl (meth)acrylate, BINIRUTORI (C1-C6) alkyl silyl (meth)acrylate, and 
such mixture. 

[0042] Although styrene ("STY"), alpha methyl styrene, vinyltoluene, p-methyl styrene, ethyl vinylbenzene, 
vinyl naphthalene, vinyl xylenes, and such mixture are contained in a vinyl aromatic series monomer useful 
as a partial saturation monomer of this invention, it is not limited to these. Those objects corresponding to a 
corresponding permutation, such as denVative; containing one or more halogen radicals, such as a 
halogenated derivative, i.e., a fluorine, chlorine, or a bromine, and nitroglycerine, cyano ** (CI -CIO) alkoxy 
** halo (Cl-ClO) alkyl, Caleb (Cl-ClO) alkoxy ** carboxy, amino, and an alkylamino (Cl-ClO) derivative, 
are contained in a vinyl aromatic series monomer. 

[0043] In a nitrogen content compound and a thio analog useful as a partial saturation monomer of this 
invention Vinylpyridines, such as a 2-vinyl-pyridine or 4-vinylpyridine; 2-methyl-5-vinylpyridine, 2-ethyl- 
5-vinylpyridine, 3-methyl-5-vinylpyridine, 2, 3-dimethyl-5-vinylpyridine, and low-grade alkyl (C1-C8) 
permutation N-vinylpyridine [, such as 2-methyl-3-ethyl-5-vinylpyridine, ]; — methylation quinoline and 
isoquinoline; - N-vinyl caprolactam; - N-vinyl butyrolactam; — N-vinyl-pyrrolidone; - vinyl imidazole; — 
N-vinylcarbazole; — N-vinyl succinimide; (meta) ~ acrylonitrile; — o-, m-, or p-amino styrene; 
maleimide;N-vinyl oxazolidone;N — N-dimethylaminoethyl-vinyl ether; ~ ethyl-2-cyanoacrylate; — 
vinylacetonitrile; ~ N-vinyl phthalimide; - an N-vinyl-thio-pyrrolidone - A 3-methyl-l-vinyl-pyrrolidone, 
a 4-methyl-l-vinyl-pyrrolidone, A 5-methyI-l -vinyl -pyrrolidone, a 3-ethyl-l-vinyl-pyrrolidone, A 3-butyl- 
1 -vinyl-pyrrolidone, 3, and 3 -dimethyl- 1 -vinyl -pyrrolidone, A 4, 5-dimethyl-l-vinyl-pyrrolidone, 5, and 5- 
dimethyl- 1-vinyl-pyrrolidone, 3, 3, a 5-trimethyl-l -vinyl-pyrrolidone, a 4-ethyl-l -vinyl-pyrrolidone, N- 
vinyl-pyrrolidone; vinyl pyrroles, such as a 5-methyl-5-ethyl- 1-vinyl-pyrrolidone and 3 and 4, and 5- 
trimethyl-1 -vinyl-pyrrolidone; although vinyl aniline; and a vinyl piperidine are contained, it is not limited 
to these. 

[0044] this invention - setting — a permutation ethylene monomer useful as a partial satviration monomer - 
allyl compound monomer, vinyl acetate,, vinyl formamide, vinyl chloride, and vinyl fluoride, vinyl bromide, 
a vinylidene chloride, vinylidene fluoride, and bromination — although a vinylidene acid is contained, it is 
not limited to these. The polymer which can construct a bridge exists in the amount of the broad range in the 
constituent of this invention. Typically, about 85% of polymers which can construct a bridge exists in about 
60 to about 85% of amount preferably from about 40 of solid content. 

[0045] In this invention, a useful cross linking agent is the matter of the polymer which can construct a 
bridge, and the arbitration which can perform acid-catalyst bridge formation. Typically, the cross linking 
agent of this invention has about 120dalton or the molecular weight beyond it. It is desirable that a cross 
linking agent performs crosslinking reaction at the temperature of about 75 to about 250 degrees C. JI-, Tori 
-, a tetrapod, or a higher-order polyfunctional ethylene partial saturation monomer is contained in a suitable 
cross linking agent, as the example of a cross linking agent useful to this invention — trivinylbenzene, 
divinyl toluene, divinyl pyridine, divinyl naphthalene, and divinyl xylene; — and — for example Ethylene 
glycol diacrylate, trimethylolpropane triacrylate. The diethylene-glycol divinyl ether, a TORIBI nil 
cyclohexane, Allyl compound methacrylate ("ALMA"), ethylene glycol dimethacrylate "EGDMA", 
Diethylene-glycol dimethacrylate ("DEGDMA"), propylene glycol dimethacrylate. Propylene glycol 
diacrylate, trimethylolpropanetrimethacrylate "TMPTMA", A divinylbenzene ("DVB"), glycidyl 
methacrylate, 2,2-dimethyl propane 1, 3 diacrylate, 1, 3-butylene-glycol diacrylate, 1, 3-butylene-glycol 
dimethacrylate, 1 ,4-butanediol diacrylate, diethylene glycol diacrylate, Diethylene-glycol dimethacrylate, 
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1 ,6-hexanediol diacrylate, 1, 6-hexanedioldimethacrylate, tripropylene glycol diacrylate, Triethylene glycol 
dimethacrylate, tetraethylene glycol diacrylate, Polyethylene-glycol 200 diacrylate, tetraethylene glycol 
dimethacrylate, Polyethylene glycol dimethacrylate, ethoxyl-ized bisphenol A diacrylate, Ethoxyl-ized 
bisphenol A dimethacrylate, polyethylene-glycol 600 dimethacrylate, Pori (butanediol) diacrylate, a 
pentaerythritol thoria chestnut rate, Trimethylolpropane triethoxyacrylate, glyceryl propoxy tiioria 
KURIRETO, Pentaerythritol tetraacryla|.e, pentaerythritol tetra-methacrylate, 

Dipentaerythritolmonohydrox)q)entaactyiate, a divinyl silane, A TORIBI nil silane, a dimethyl divinyl 
silane, divinyl methylsilane, A methyl TORIBI nil silane, a diphenyl divinyl silane, divinyl phenylsilane, 
TORIBI nil phenylsilane, a divinyl methylphenyl silane, a tetravinyl silane. Dimethyl vinyl disiloxane, Pori 
(methylvinyl siloxane), Pori (vinyl hydronalium siloxane), Although Pori (phenyl vinyl siloxane), 
tetramethoxy glycoluryl, tetrapod (C1-C8) alkoxy glycoluryl like tetra-butoxy glycoluryl, and such mixture 
are raised, it is not limited to these. 

[0046] The cross linking agent of this invention exists in the amount of the broad range in the constituent of 
this invention. Tj^ically, about 25% of cross linking agents exists [ 10 / about ] in about 15 to about 25% of 
amount more preferably about 30% from about 1 of solid content. In this invention, a useful acid catalyst is 
the thing of the arbitration which can carry out the catalyst of the crosslinking reaction of the barrier layer 
constituent of this invention, and a free acid (free acid) and an acid formation agent (acid generator) are 
raised. As an example of a free acid, although methansulfonic acid, ethane sulfonic acid, a propyl sulfonic 
acid, a phenyl sulfonic acid, toluenesulfonic acid, dodecylbenzenesulfonic acid, and trifluoro methylsulfonic 
acid are raised, it is not limited to these. 

[0047] As an acid formation agent, a heat acid formation agent (TAG), photograph acid formation agents 
(PAG), and those mixture are raised. The heat acid formation agent and photograph acid formation agent of 
arbitration are useful in this invention. A heat acid formation agent is the compound of the arbitration which 
separates an acid by heat treatment. As a suitable heat acid formation agent, although 2, 4, 4, 6-tetrabromo 
cyclohexa JIENON, benzoin tosylate, 2-nitrobenzyl tosylate and the alkyl ester of other organic sulfonic 
acids, and the amine salt of a sulfonic acid, for example, the amine salt of dodecylbenzenesulfonic acid, are 
raised, it is not limited to these. GenerallJ^ activation, i.e., the thing which generates a sulfonic acid by 
exposure to heat, is desirable. A photograph acid formation agent is a compound which separates an acid by 
the photolysis. As a suitable photograph acid formation agent, it is onium salt and halogenation nonionic 
photograph acid formation agent, 1 [ for example, ], and 1 -screw (p-chlorophenyl). - Although 2, 2, and 2- 
trichloroethane and a fluoro alkyl sulfonic acid like a perfluoro-octyl sulfonic acid are raised, it is not 
limited to these. 

[0048] 8% of acid catalysts exists preferably in the constituent of this invention typically in about 0.5 to 
about 5% of amount of solid content from about 0.1 of sufficient amount, for example, solid content, to 
carry out the catalyst of the desired crosslinking reaction. It is desirable in this invention to use the 
combination of an acid catalyst. As a suitable combination, a free acid and a heat acid formation agent are 
raised to a free acid, a photograph acid formation agent, and a list. Generally it is known, such an acid 
catalyst is commercially available, and it can be used, without refining fiirther. 

[0049] The constituent of this invention contains one or more solvents. The solvent of the arbitration of 
compatibility with a compound is suitable. The solvent of hypo viscosity is desirable. As a suitable solvent, 
for example Propylene glycol methyl ether acetate, 2-heptanone, ethyl lactate, or one or more glycol ether. 
For example, 2-methoxy ethyl ether (jig lime), ethylene glycol monomethyl ether. Propylene glycol 
monomethyl ether; The solvent which has both an ether part and a hydroxy part. For example, 
methoxybutanol, an ethoxy butanol, methoxy propanol, And ethoxy propanol; Ester, for example, methyl- 
cellosolve acetate, Ethylcellosolve acetate, propylene-glycol-monomethyl-ether acetate. Although 
dipropylene-glycol-monomethyl-ether acetate and other solvents, for example, dibasicity ester, propylene 
cull BONETO, a gamma-butyrolactone^ietc. are raised, it is not limited to these, this invention — setting — 
especially a usefiil suitable solvent ~ a comparison — it is the high boiling point, i.e., the solvent which has 
at least preferably about 170 degrees C of about 190-degree C boiling points at least. The mixture of a 
solvent can also be used usefial in this invention. That is, the solvent of this invention is mixable with other 
one or more solvents. Such other solvents can be a high-boiling point or a low-boiling point. When two or 
more solvents are used, it is desirable that at least one solvent has the boiling point of the range of about 75 
to about 200 degrees C. When two or more solvents are used, it is desirable that at least one solvent has less 
than about 200 boiling point, and has the boiling point when other at least one solvent is more expensive 
than about 200 degrees C. 

[0050] Although the constituent of this invention is not limited to arbitration by other one or more 
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components and these, it can contain a plasticizer, a surfactant, a lubricating agent, a color, a chromophore, 
a pigment, etc., for example. A plasticizer can be added to the constituent of this invention in order to 
improve the specific property of a constituent. Although dibasicity ester like a dimethyl horse mackerel peat 
and dimethyl succinate is raised as a suitable plasticizer, it is not limited to these. The mixture of a 
plasticizer can be used in this invention. Typically, a plasticizer is preferably used in about 1 to about 5% of 
amount about 10% fi-om about 0.5 of solid content. It is desirable that one or more plasticizers are used in 
this invention, up to about 50% of solid content — since - it is understood by this contractor that a lot of 
plasticizers like about 100% are used useful in this invention — I will come out. As for a plasticizer, it is 
desirable that it is a liquid. ih^ 

[0051] As a surface active agent of arbitration, although a nonionic surfactant, cationic surface active agents, 
and those mixture are raised, it is not limited to these. That to which especially a suitable surfactant is sold 
fi-om a fluorination surfactant, for example, 3M company, is raised. A surfactant is typically used in about 
0. 1 to about 1 .0% of the weight of the range. 

[0052] It is surface leveling agents including what is available as a trade name Silwet7604 fi-om Witco as an 
advantageous leveling agent in this invention, or 3M. The available surfactant FC430 is mentioned fi-om 
Company. Selection and the amount of such a leveling agent are the matter of this contractor's capacity 
within the limits. Typically, such a leveling agent is used in about 0.1 to about 2% of amount of the total 
solid content. 

[0053] The constituent of this invention can act also as antireflection coating. For example, when the 
polymer and/or cross linking agent which can construct a bridge contain an aromatic series radical, such a 
constituent can be used as an acid-resisting constituent to 193nm radiation. As an exception method, a color 
or a chromophore can be added to the constituent of this invention by copolymerization or mixing, and a 
useful acid-resisting constituent can be offered in the radiation of other wavelength. For example, sufficient 
chromophore for the polymer and/or cross linking agent which can construct a bridge is made to contain, 
and about 0.3 to about 0.8 optical density can be obtained in the exposure wavelength used for the 
photoresist layer applied succeedingly. As an exception method, a chromophore like an anthracene 
compound can be directly added to the constituent of this invention. 

[0054] The concentration of the concentration of the desiccation component in a solvent, i.e., the polymer in 
which one or more bridge formation is possible, one or more acid catalysts, and one or more cross linking 
agents changes according to the factor of many like the method of application. Generally, the solid content 
content of the constituent of this invention is about 0.5 to 25 of the sum total weight of a constituent % of 
the weight, and a solid content content is about 2 to 20 of the sum total weight of a constituent % of the 
weight preferably. The constituent of this invention is prepared by combining a component in order of 
arbitration. 

[0055] The constituent of this invention is usefiil as a barrier layer on a base, especially a dielectric layer 
base in manufacture of an electron device, for example, a semi-conductor, a conductor, an integrated circuit, 
a printed circuit board, etc. The constituent of this invention is usefijl especially in manufacture of a 
semiconductor device like the wafer used in manufacture of a semi-conductor. The constituent of this 
invention is applicable to a base by the various approaches of arbitration like for example, spin coating. In 
case it applies to a base, the constituent of this invention offers coating or the layer arranged on a base front 
face. For example, when a constituent is applied to a semi-conductor wafer by spin coating, about 1 .5 
microns of thickness of the film obtained can be preferably controlled in about 200 A to about 1 .5 microns 
from less than about 200A. Typically, about 1600A of barrier constituents of this invention is preferably 
applied in an about 600 to 1200A layer from about 600. 

[0056] That is, this invention is the approach of offering a barrier layer on a dielectric base, is a barrier 
constituent containing the polymer in which one or more bridge formation is possible, one or more acid 
catalysts, one or more cross linking agents, and one or more solvents, and offers an approach including the 
process which arranges the polymer which can construct a bridge, and the constituent with which at least 
one of the cross linking agents has one pr more acid parts on the front face of a dielectric base. 
[0057] In the photoresist of arbitration by the dielectric layer of arbitration, and the dielectric layer by which 
PVD(ing) or CVD deposition was carried out preferably, or contamination of antireflection coating, the 
barrier layer of this invention is advantageously used, reduction thru/or in order to lose. As a suitable 
dielectric layer, an inorganic dielectric layer, organic dielectric layers, and such mixture are raised, and it is 
an inorganic dielectric layer preferably. As a suitable inorganic dielectric layer, although silicon content 
dielectric layers, such as a silica, SHIRUSE float oxane (silsesquioxanes), alkoxysilane by which 
condensation was carried out partially, and silicate by which reforming was carried out organically, are 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 



6/27/2006 



JP,2002-128847,A [DETAILED DESCRIPTION] 



Page 10 of 13 



raised, it is not limited to these. Various organic dielectric matter can also be used in this invention. 
[0058] Typically, a bridge is partially constructed over the constituent of this invention at least by heating 
about 250 degrees C at about 90 to about 225 degrees C preferably from about 75. The thing of a barrier 
constituent for which a bridge is constructed over about 10% at least is said [ "a bridge is constructed 
partially at least" and ]. It is desirable that a bridge is substantially constructed over a barrier constituent, and 
a bridge is more preferably constructed over it completely. The constituent of this invention can be hardened 
by presenting one process or 2 process baking with the base by which coating was carried out with the 
constituent. The constituent of temperature and a period sufficient in 1 process baking to construct a bridge 
in a constituent substantially preferably partially at least, and this invention is heated. As an exception 
method, although 2 process baking is not enough to construct a bridge in a constituent, it heats to the 1st 
temperature which is made to carry out a reflow of the constituent and improves smooth nature, and the 
constituent of the 2nd sufficient temperature and a sufficient period to construct a bridge in a constituent 
substantially preferably partially at least, subsequently, and this invention is heated. 

[0059] Generally, the constituent of thil'ihvention is more preferably hardened [15/ about 730/ about ] for 
about 60 seconds further more preferably for about 120 seconds for about 120 seconds for about 360 
seconds from about 15. It will be understood by this contractor that the concrete setting time changes with 
whenever [ class / of cross linking agent /, amount / of a cross linking agent /, amount / of an acid catalyst /, 
and stoving temperature ] etc. This invention is a device which has further a dielectric layer and the barrier 
layer arranged on it, and offers the device with which this barrier layer has the polymer in which one or 
more bridge formation is possible as a polymerization xmit, and one or more cross linking agents, and 
contains the polymer which can construct a bridge, and one or more polymers in which at least one of the 
cross linking agents has one or more acid parts, and over which the bridge was constructed. In such a device, 
it is desirable that the photoresist layer is arranged on a barrier layer. It is still more desirable that an acid- 
resisting constituent is arranged between a barrier layer and a photoresist layer. 

[0060] In manufacture of an electron device, especially a semi-conductor wafer, a dielectric layer is often 
applied by a physical vapor deposition (PVD) or chemical vacuum deposition (CVD). Because of 
continuing etching and a metallization process, eclipse ****** with a pattern is required for these dielectric 
layers. Such pattern NINGU is attained by use of a photoresist and is often used with antireflection coating. 
Application of the layer of the barrier constituent of this invention before applying a photoresist layer, and 
the application before applying antireflection coating preferably decrease or lose poise NINGU or 
contamination of a photoresist layer by the dielectric layer. 

[0061] Poise NINGU or contamination of a photoresist layer is proved by reduction of the resolution of a 
future. For example, drawing 1 is the crpss-section photograph of scanning electron microscope (SEM) ** 
of the contact hole in the dielectric laydf fornied without using a barrier layer. The remarkable Boeing in the 
pars basilaris ossis occipitalis of a contact hole is clearly seen in this drawing. When the barrier layer of this 
invention is used, it decreases greatly or poise NINGU or contamination of a photoresist layer is canceled so 
that it may be shown by the Boeing. Drawing 2 is the cross-section photograph of the scanning electron 
microscope (SEM) of the contact hole in the dielectric layer formed using the barrier layer of 600A this 
invention. As compared with drawing 1 , reduction of the amount of the Boeing in the pars basilaris ossis 
occipitalis of a contact hole is seen clearly. If the barrier layer of this invention becomes thicker, such poise 
NINGU or contamination will decrease further. 5 is the cross-section photograph of the scanning electron 
microscope (SEM) of the contact hole in the dielectric layer formed using thickness (lOOOA, 1500A, and 
2000 A) of the barrier layer, respectively from drawing 3 . As shown in drawing 2 thru/or 5, the barrier layer 
of this invention decreases poise NINGU or contamination of a photoresist layer notably so that it may be 
shown by the Boeing. 

[0062] TTie polymer for which this invention constructs [ the process which offers a dielectric layer on a 
base and ] beyond bl a bridge. The barrier constituent with which at least one of the polymer which can 
construct a bridge, and the cross linking agents has one or more acid parts including one or more acid 
catalysts, one or more cross linking agents, and one or more solvents the process arranged on the front face 
of a dielectric layer, and c — a base is heated to sufficient temperature to harden a barrier constituent 
partially at least, and the manufacture approach including the process which forms a barrier layer of an 
electron device is offered. Typically, a photoresist layer is arranged on the front face of a barrier layer. It is 
desirable that antireflection coating is arranged between the front face of a barrier layer and the front face of 
a photoresist layer. It is still more desir$6tle that a photoresist layer contains a positive type photoresist. 
[0063] The polymer for which this invention constructs [ the process which offers a dielectric layer on a 
base and ] beyond bl a bridge. The barrier constituent with which at least one of the polymer which can 
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construct a bridge, and the cross linking agents has one or more acid parts including one or more acid 
catalysts, one or more cross linking agents, and one or more solvents A base is heated to sufficient 
temperature to harden a barrier constituent partially at least, the process arranged on the front face of a 
dielectric layer, and c — The manufacture approach including the process which forms a barrier layer, the 
process which arranges antireflection coating on the front face of d barrier layer, and the process which 
arranges a photoresist layer on the front face of e antireflection coating of an electron device is offered. 
[0064] When the barrier layer of this invention is used without using antireflection coating, a barrier layer is 
more desirable about lOOOA at least, and it is desirable to have the thickness of about 1 500A at least further 
more preferably about 1200A at least. When antireflection coating is arranged between a barrier layer and a 
photoresist layer, it is desirable that a barrier layer has at least more preferably about 400A of thickness of 
about 600A at least. About 2000A of the typical range of about 2500A of the thickness of the barrier is 
about 800 to 1500A more preferably in about 600 from about 400. Generally, antireflection coating has 
preferably about 2000A of thickness of about 400 to about 1600A from about 200. Generally a photoresist 
layer has preferably about lOOOOA of thickness of about 500 to about 7500A from about 200. 
[0065] The advantage of the constituent of this invention is that they are a photoresist, and the dielectric and 
spin ball compatibility (spin bowl compatible). [ SUPINON / compatibility ] Although this invention was 
explained about semi-conductor manufacture, this invention can be used in a broad application. The 
following examples do not illustrate the^varibus modes of this invention, and do not restrict the range of this 
invention at all. 

[0066] the imetacresol-Parakou resol -2 by which the example 1 barrier layer constituent was prepared by 
combining the following, and 5-dimethoxy phenol novolak polymer (the solution of 30% of solid content in 
propylene-glycol-monomethyl-ether acetate (PGMEA) -) 301.268g and 75.95% of solid content, Mn800, 
Mw2500 g/mol, Tg83 degree C; 9.520g of dodecylbenzenesulfonic acid blocked as a heat acid formation 
agent, King Industries, Norwalk, and Connecticut — since — Nacure5225 sold and 25% solid content in 
isopropanol ~ 2% of solid content; it is tetra-butoxy glycoluryl (26. 1 80g) as a cross linking agent. 22% of 
solid content; surface activity lubricating agent FC430 (it is sold from 3M, Minneapolis, and Minnesota) 1% 
solution in PGMEA, 5.950g, 0.05% of solid content; dimethyl horse mackerel peat (5.950g, 5% of solid 
content which does not contain this);, and 322.5 12g of PGMEA. This obtained sample of 17% of solid 
content 700g. enough to dissolve the matter in a constituent ~ carry out a time amount roll (roll) and let the 
0.2-micron Pori (tetrafluoroethylene) (PTFE) filter pass before use — it passed. 

[0067] It is called four wafers (sample 1-4) containing an example 2 P/CVD dielectric layer. MarkS was 
used and the spin coat was carried out by various thickness with the barrier constituent of an example 1 . The 
constituent was baked for 60 seconds at 195 degrees C. Spin coating of the commercial antireflection 
coating (AR7, Shipley Company, Marlborough, product made from Massachusetts) was carried out on the 
front face of the hardened barrier constituent, and it considered as the thickness of 600A, subsequently it 
baked for 60 seconds at 175 degrees C, and the film was hardened. Spin coating was carried out by the same 
thickness various with AR7 antireflecti5).n coating, and four wafers (comparison sample C1-C4) which have 
the same P/CVD dielectric layer were baked on the same conditions. These comparison samples do not 
contain the barrier constituent. Spin coating of all the wafers was carried out by the commercial photoresist 
(UV210, product made from Shipley Company). Coating of the photoresist was carried out to the thickness 
of 5000A, and it was baked for 60 seconds at 130 degrees C. Subsequently, the wafer used ASML 5500/200, 
and exposed it by 25 mJ/cm2 to 33 mmj/cm2, and the trench whose aspect ratio is 200nm of 1 :2 was 
prepared. Succeedingly, at 130 degrees C, the wafer was baked for 90 seconds to exposure, and, 
subsequently was developed to it. A result is shown in Table 1 . 
[0068] 
[Table 1] 
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[0069] The above-mentioned data show clearly that it is effective in the barrier constituent of this invention 
decreasing in number or preventing poise NINGU or contamination of a photoresist layer by the dielectric 
layer. Furthermore, in case the constituent of this invention is used, the thickness of an antireflection coating 
layer can be decreased. 

[0070] The spin coat of the four wafers (sample 5-8) which have an example 3 P/CVD dielectric layer was 
carried out by thickness various with the barrier constituent of an example 1 . The constituent was baked for 
60 seconds at 205 degrees C. Spin coating of the commercial antireflection coating (AR3, product made 
from Shipley Comapany) was carried out on the front face of the hardened barrier constituent, and it 
considered as the thickness of 600A, subsequently it baked for 60 seconds at 205 degrees C, and the film 
was hardened. Similarly spin coating was carried out by the thickness of 600A by AR3 antireflection 
coating, and one wafer (comparison sample C5) which has the same P/CVD dielectric layer was baked on 
the same conditions. These comparison samples do not contain the barrier constituent. Spin coating of each 
wafer was carried out by the commercial photoresist (UV200, product made from ShipleyCompany). 
Coating is carried out to the thickness of 5000A, and a photoresist is a pro squeak tee. The hot plate 
(proximity hotplate) was used and it was baked for 60 seconds at 140 degrees C. Subsequently, the wafer 
was exposed using ASML 5500/300, and prepared the 0.22-micron contact hole. They are 90 seconds and a 
pro squeak tee at 140 degrees C about a wafer succeedingly to exposure. It baked using the hot plate and, 
subsequently negatives were developed. The scanning electron microscope (SEM) estimated the wafer after 
development. Drawing 1 5 shows the sectional view of the formed contact hole. Exposure conditions and a 
result are shown in Table 2. 
[0071] 
[Table 2] 
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[0072] Use of the barrier constituent of this invention offers a contact hole with little a good sidewall profile 
(sidewall definition) and the Boeing as compared with what was formed without using a barrier constituent. 
For example, drawing 1 is the cross-section photograph of the contact hole by the comparison sample C-5, 
and this shows the remarkable Boeing. By contrast, drawing 25 is the cross-section photograph of the 
contact hole formed using the barrier constituent of this invention. These photographs show clearly that a 
contact hole has a good sidewall profile and has little Boeing intentionally. 
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* NOTICES * ' 

JPO and NCIPI are not responsible £or any 
damages caused by the use o£ this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 
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[Drawing 2] 
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[Drawing 3] 
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[Drawing 4] 
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